or Nrhetcrocyelyl; with the proviso Hint at least one 



the further proviso that when or R & is halogen,, 

R„ is other than alkoxy; R„ is formyl , hydroxymcthy lene , 
4 6 

alkoxymethylcne , alkano'yJoxymcthylcne , carboxyl , 
alkoxy^carbonyl , alkenloxycarbonyl , alkynyloxycarbonyl , 
carbamoyl, mono (lower alkyl) -carbamoyl , di Qowcr 
alkyl ) -carbamoyl , or N-heterocyclylcarbonyl; 
or ph Trmaceutically acceptable salts thereof are useful as anti-tumor agents. 



r 



The compounds of formula I are prepared by the reaction of a compound 
of the formula: *~ 



"7^ 




5>o 



n arc integers of from 0 to 1 with the sum of in and n 
being equal to 1; one of A or B being oxo nnd the 



other being: 




one of A and B is 



the other being halogen, alkylsulfonyloxy or aryl- 



aralkenyl, aryl substituted with an electron donating 
or electron withdrawing group or aralkenyl where the 
aryl moiety is substituted with an electron withdrawing or 




— P jk]t Y , is f or my 1, carboxy , alkoxycarbonyl , 



alkenyloxycarbonyl, alkynyloxycarbonyl , di (lower 
alkyl) carbamoyl or N-heterocyclylcarbonyl; R ? , when 
B is oxo, is carboxy, alkoxymethylene , alkanoyloxy- 
methylene, alkoxycarbonyl , alkenyloxycarbonyl, 
alkynyloxycarbonyl or N-heterocycly lcarbonyl , R^ t 
when B is halogen, alkylsulfonyloxy or ary lsulfonyloxy , 



A 



is fonnyl , carboxy , alkoxymellry lone , alknnoy Ioxy- 
mcthyionc, nlkoxycarbonyl , alkcnyloxycarbony 1; 
nlkynyloxycarbonyl , di (lower alkyl)-omino carbamoyl, 
or N-hctcrocyclylcarbonyl , and Y is an anion of an 
organic or inorganic acid. 

In the case where one of A or B form the sulfone group which contains this 
sulfone group: 



Wo 



I 



This sulfone group in the reaction product can be cleaved to a double bond to 
form the compound cf formula I. In the reaction products of the compound of 
formula II and III, where is a carboxyl group, this carboxyl group can be 



group. Where the reaction product contains R^ as a hydroxy group, this group 
can be esterified or etherified . The resulting alcohol ester can, if derived , be 



hydroxy group or an ester group, this reaction product can be oxidized and form 
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( 4 i f >,5* The term "halogen", as utilised in the instant ■ specif ica- 
tion, denotes all four halogens , i . e . , chlorine, bromide, iodine 
and fluorine, with chlorine and bromine being preferred. The 
term "lower alkyl" denotes both straight chain and branched 
chain lower alkyl groups containing from 1 to 6 carbon atoms 
such as methyl, ethyl, isopropyl and 2-methy lpropy 1 . The term 
"lower alkoxy" as used throughout this specification denotes 
lower alkoxy groups containing from 1 to 7 carbon atoms such 
as methoxy, propoxy, isopropoxy, ethoxy, etc. The term "lower 
alkanoyl" denotes lower alkanoyl groups containing from 2 to 6 
carbon atoms such as acetyl, propionyl or pivalonyl. 

The terms "lower alkenyl" and "lower alkynyl" includes 
both straight chain and branched chain hydrocarbon groups 
containing from 2 to 6 carbon atoms such as vinyl, allyl, butenyl, 
pentenyl, ethynyl, propargyl, butynyl, etc. 

The term N-heterocy cly 1 designates N-heterocy cly 1 
radicals containing preferably 5 or 6 membered rings which contair. 
a nitrogen atom in the ring and which can, if desired, contain 
a further hetero atom selected from the group consisting of 
oxygen, nitrogen or. sulfur. Among the preferred N-het erocyc ly 1 
radicals are included pyrrolldino, pyrid-i-no, piperidino, 
morpholino or thiomorpholino . 
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The lower nlknnoylamino groups contain residues which nvc derived 
from lower alknnecarboxylic acids containing" from 2 to G carbon atoms (e.g. 
acetic acid, propionic acid or pivalic acid). 

The alkoxymethylenc and alkoxycarbonyl groups preferably contain 
alkoxy moieties»having from 1 to 6 carbon atoms. These can be straight-chain 
or branched-chain such as, for example, the^raeAhoxy , elhoxy and isopropoxy 
groups. However, the alkoxy moiety can also be a higher alkoxy group 
containing from 7 to 20 carbon atoms, especially the cetyloxy group. The 
alkoxy moiety can be substituted by functional groups; for example, by 
nitrogen-containing groups such as, for example, by an amino" or morpholino 
group, which may be alkyl-substituted , or by a piperidyl or pyridyl group. 

The alkenyloxycarbonyl and alkynyloxycarbonyi groups preferably 
contain alkenoxy and alkynoxy moieties having from 2 to 6 carbon atoms such as , 
for example , the allyloxy or propargyloxy group . 



^\ The term "alkanoyloxy" designates derivatives of alkanecarboxylic 
acids containing from 2 to 20 carbon atoms. Among the preferred lower 
alkanoyloxy groups are included lower alkanoyloxy groups containing from 
2 to 6 carbon atoms such as acetyloxy, propionyloxy and pivalyloxy. How- 
ever, the alkanoyloxy group can bo derived from higher alkane carboxylic 
acids, i.e. , acids containing from G to 20 carbon atoms such as palmitic 
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acid or stearic acid as well as lower alkanoyloxy groups. The 
term "alkanoy loxyme thy lene" denotes alkanoy loxyme thy lene croups 
wherein alkanoyloxy is defined as above. Among the preferred 
alkanoy loxymethy lene groups are included acety loxymethy lene and 
propiony loxyme thy lene . 

The. terms "mono" and "di (lower alkyl) carbamoyl" denot 

mono and di (lower alkyl) carbamoyl radicals wherein lower alkyl 

is defined as above. Among the preferred mono or di (lower alkyl 

carbamoyl groups are included such groups as N-me thy l-carbarr.oy 1 , 

N, N— dime thy 1 carbamoyl , N-isopropy lcarbamoy 1 , and N— tertiarybu ty i — 

. /' 

carbamoyl. The "N-heterocycly lcarbonyl radicals are those which 
preferably contain a 5 or 6 membered heterocyclic ring, which 
in addition to the nitrogen atom may contain a further hetero 
atom selected from the group consisting of nitrogen, oxygen or 
sulfur. Examples of such N-heterocyclic groups which can be 
utilized in accordance with this invention are included pyridino, 
piperidino, morpholino, thiomorpholino and . pyrrolidino . 

In the compound of formula I, the preferred di (lov.'er 
alkyl) amino groups denoted are those where the lower alkyl 
substituent contains from 1 to H carbon atoms. Among the 
preferred lower alkyl amino groups are included ethyl amino, 
dimethyl amino, diethyl amino and diisopropyl amino. The term 
lower alkyl amino includes both mono and di-lower alkyl amino 
groups. 
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n Amontf the preferred compounds of formula I nrc the following 
lo 9- (2 , 3 , G-trimcthy 1-phenyl) -3 , 7~dimcthyl-nona-2 , 4 , G , 8- 
-tctraen-l-oic-acid; 
ft? 9- (2 , 4 , G-trimcthyl-phcnyl)-3 , 7-dimethyl-nona-2 , 4 , G , 8- 

-tetraen-l-oic acid; 
(i> 9- (2 ,«1 . 6-triisopropy 1-phenyl) - 3 , 7-dimcthyl-nona- 2,4,6,8- 

-tetraen-l-oic-acid ; 
fo 9 (2 , 3 , 4 , 6-tetramethyl-phenyl)-3 . 7-dimethyl-nona-2 ,4,6,8- 
-tetraen-l-oic acid'; 

9-(4-methoxy-2 l 6-dimethyl-phenyl)-3,7-dimethyl-nona- 
-2 ,4 , 6 , 8-tetraen-l-oic-acid; 
f& 9- (4-methoxy-2 , 3 , 6-trimethy 1-phenyl) -3 , 7-dimethyl-nona- 

-2,4,6,8-tetraen-l-oic acid; 
f% 9- C3-methoxy-2 , 4, 6-trimethyl-phenyl)-3 , 7-dimethyl-nona- 

-2,4,6,8-tetraen-l-oic acid; 
: 9- (4-methoxy-2 ,3 , 6-trimethyl-phenyl0^> 7-dimethyl-nona- 

-2, 4, 6, 8-tetraen-l-oic-acid ethyl ester; 
1^ 9-(4-methoxy-2 ,3 , 6-trimethyl-phenyl)-3 , 7-dimethyl-nona- 

-2-trans, 4-cis, G^trans, 8-trans-tetraen-l-oic acid ethyl ester; 
f^j g_ (4-methoxy-2 , 3 , 6-trimethyl-phenyl)-3 , 7-dimethyl-nona- 
2,4,6,8-tetraen-l-oic acid isopropyl ester; 
f{J 9- (4-methoxy-2 , 3 , 6-trimethyl-phenyl)-3 , 7-dimethyl-nona- 
-2,4,6,8-tetraen-l-oic acid diethylaminoethyl ester; 
^ 9- (4-methoxy-2 , 3 , G-trimelhy 1-phenyl) ~3 , 7-dimethyl-nona- 
-2,4 ,G,8-tctracn-l-oic acid amide; 
[ J « 9-(4-methoxy-2,3, G-trimcthyl-phcnyl)-3 ,7-dimcthyl-nona- 
2,4,G,8-lctraen-l-oic acid ethyl arnidc; 
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. (J 



oxy-2 , 3 . G-ti-imctl^I-pj^nyD-a , 7 -dimclhyl-nona- 
-2,4,G,8-tctrncn-i-oic ncid nllyl eslcr; 

9- C4-mothoxy-2 . 3 . G-trimethyl-pi 1C nyl>-3 . 7-dimcthyl-nona- 
-2.4.6.8-tclracn-l-oic acid propargyl ester; 
( O 9- C3 . 6-dimcthoxy-2 , 4 . S-trimcthyl-phenyD-a . 7-dimethyl- 
~nona-2,4,G,8-tctrnen--l-oic acid; 

9 - C4 ' metho ^-3-allyl-2,6-dime t hyl-phenyl)-3,7-dime^^^ 
-nona-2,4,6,8-tetraen-l-oic acid; 

« 9 -«-»«"«»xy-3-„itrb-2.6-dimolhyl-phe„yl,- 3 ,7-«Ji 1 „etI,yi- 
-n°n a -2.4.6,8-t e tr ae n-l-oio acid ethyl ester; 
fa 9- <3-dimethylamino-2 . 4 , 6-trimethyl -phenyl) -3 , 7-dimethyl- 
-nona-2,4,6,8-tetraen-l-oic acid ethyl ester; 
/' 9" (4-isopropo X y- 2 , 3 . B-trimethyl-phenyD-3 , 7-dimethyl- 
-nona-2,4,6,8-tetraen-l-oic acid; 

' ^»-C4- a ilylox y -2. 3 . 6 -trlmethyl- P he„ y i)-3.7- d i ln ethyl- 

-nona-2 , 4 , 6 , 8-tetraen-l-oic acid; 



S- (5-chloro-2 , 4 , 6-trimethyl-pnenyl)-3 , 7-dimethyl-nona- 
-2,4,6,8-tetraen-l-oie acid; and 

O S-CS-nitro-a^.O-trimethyl-phenyD-s.T-dtoethyl-nomi- 

2,4,G,8-tetraen-l-oic acid. 



The toxicity of the compounds of formula I is slight . For example , 
as will be evident from the following Table, the acute toxicity [ IjD J of S - <4 _ . 
-mc,hoxy-2.3. S - t rimc t hyl-phenyO-3^^^ 

Wand of <»-C4-,n,«hoxy-2. 3> «-,ri m c.h y i-pho„y„-3.7-di ro c,hyl-„o„o-2. 4 0 8- 
totraon-l-oic acid ethy, ester fc] in mice after in^poritonca, administration in 
rnpo-oil lies at 700 or 1000 W(j/k ff . 
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Tabic 
Acute Toxicity 




Substance A 
— * 


LD io m £ /k £ 


LD 50 m £ /kG 


LD 9Q mg/kg 


After 1 day 


>4000 


>4000 


> 4000 


After 10 clays 


! 580 
j 


700 


890 


After 20 days 


" 520 


700 


890 


Substance B 


LD 1Q mg/kg 


LD 5Q mg/kg 


LD 90 m & Vk £ 


After 1 day 


J>4000 


->-4000 


>4000 


After 10 days 


1400 


1900 


2600 


After 20 days 


710 


1000 


1400 
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The compounds of- formula I arc effective for utiai.i„ G 
tumors such as papillomas. In the papilloma test, tumors * 
induced with dimethylbenzantbracene and croton oil regress. The 
diameters of the papillomae decline within 2 weeks on intra- 
peritoneal administration. In the case of substance A> the 
decline is by 38% at Wmg/kg/week and by 6g? at 10Q raj5/ics/week 
and in the case of substance B the decline is by « 5Jf at 25 m S / k g/_ 
week and by 63% at 50 mg/kg/week. 

The compounds of formula I are also useful as medicament 

Tor the topical and systemic therapy of acne, psoriasis and 

other related dermatological disorders which are characterized 

by an increased or pathologically altered cornif ication . as well 

as inflammatory -and allergic dermatological conditions. They 

can also be used .to treat disorders which are characterized by 

inflammatory or degenerative alteration, ~f ^v. 

alterations of the mucous membranes. 

. . The polyene compounds of formula I can accordingly b - 
used as medicaments; for example, in the form of pharmaceut-al 
Preparations which contain them in association with- a compatible 
Pharmaceutical carrier. The pharmaceutical preparations serving 
for systemic application can, for example, be produced by adding 
a polyene compound of formula I as the active ingredient to 
non-toxic, inert, solid or li qU id carriers which are usual in 
such preparations. The pharmaceutical preparations can be 
administered enterally or parenteral^ . Suitable pharmaceutical 
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preparations Tor enteral administration are, Tor example, tablets 
capsules, dracoes, syrups, suspensions, solutions and supposi- 
tories. Pharmaceutical preparations in the form of infusion 
or injection solutions are suitable for parenteral administration 

The dosaces in which the polyene compounds of formula 
I can be administered can vary according to the mode of admin- 
istration and route of administration as well as according to 
the requirements of the patient. 

The polyene compounds of formula I can be administered 
in amounts of from 5 mg. to 200 mg. daily in one or more dosages. 
Capsules with a content of a ca 10 mg. to ca 100 mg . of a polyene 
compound are a preferred form of presentation. 

The pharmaceutical preparations can contain inert 
or other pharmacodynamic ally active additives. Tablets or 
granules, for example, can contain a series of binding agents, 
fillers, carrier materials or diluents. Liquid preparations 
can, for example, take the form of a sterile water-miscible 
solution. Besides the polyene compounds of formula I, capsules 
can additionally contain a filling material or thickening 
agent. Furthermore, flavor-improving additives as well as the 
substances usually used as preserving, stabilizing, moisture'^ 
retaining or emulsifying agents, salts for varying the osmotic 
pressure, buffers and other additives can be present. 

-12- 



1 

2 
3 
h 
5 
6 
7 
8 

9 
ID 
11 

12 
13 
1U 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2h 
25 
26 
27 




The carrier materials and diluents mentioned herein- 
before can be organic or inoreanic substances; foi- example,' 
water, gelatin, lactone, starches, magnesium stearate, talcum, 
G um arable, polyal ky lenecly cols and the like. It is of course 
a prerequisite that all adjuvants used in the production of 
the pharmaceutical preparations are non-toxic. 

For topical administration, the polyene compounds 
of formula I are expediently made up in the form of ointments, 
tinctures, creams, solutions, lotions, sprays, suspension and 
the like. Ointments and creams, as well as solutions, are 
preferred. These pharmaceutical preparations 'intended for 
topical administration can be produced by mixing the polyene 
compounds as the active ingredient with non-toxic, inert solid 
or liquid carriers suitable for topical administration which 
are usual per se in such preparations. 

Expedient for topical administration are ca 0.012 
to ca 0.3% (preferably 0.022 to 0.1%) solutions as well as ca 
0.053 to ca 5£ (preferably ca 0.15? to ca 2.02) ointments or 
creams . 

(t?:j An antioxidant (e.g. tocopherol, N-methyl-r^ 
tocopheramlne, butylated hydroxyanisole or butylated hydroxytolue 
can optionally be added to the pharmaceutical preparations. 
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The aryl p.i'oups denoted by X in the tr'iarylphor.phpniuni 

[rroupr, of the rormula -PCXD^* Y " in the compounds of formula 

II or III Include all generally known aryl croupe , but especially 

mononuclear aryl groups such as phenyl, lower alky 1-subst it uted 

phenyl or lower alkoxy-subs't ituted phenyl (e.g. tolyl, xylyl, 

mesityl and p-methoxy phenyl ) . Of the inorganic acid anions 

denoted by Y, the chloride, bromide, Iodide and hydrosulphate 
» 

ions are preferred and, of the organic acid anions, the tosyloxy 
ion is preferred. 



The alkoxy groups denoted by Z in the dialkoxyphosph in;, 
groups of the f ormula I -P [Z ] J 4are preferably lower alkoxy groups 



containing from 1 to 
and ethoxy. 



carbon atoms, especially methoxy 



The preferred electron withdrawing groups are those 
which are weakly electron withdrawing. Examples of aryl and 
aralkenyl groups, which may be substituted by one or more 
electron donating to weakly electron-withdrawing substit ucnt s , 
denoted by R^in the sulfcne group of the formula: 



2k 
25 
26 

27 



vMherein R 2Q is as above; 



are phenyl and styryl which may be substituted in the o- , mz~^ 
or p-position by methoxy, phenoxy , acctoxy, dimethy lamino , 
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pheny lncthy lnmino , acctylamino, thicmcthyl, th.iophcnyl, thlo- 
acetyl, chloro, brorr.o or oyano or in the m-position by nitro. 

The starting materials of formulae II and III are, 
in part, novel compounds. 

Compound of formula II where m is 0 and A is a 
triary lphosphonium group have the following formula: 



CH 2 — P[X3| Y" 




Z> wherein R- L> R 2 , R 3 * Rjj > ^5* X and Y are as above. 



Compounds of the formula II where m is 0 and A is a dialkcxy 




11-c 



f^S wherein R p R3, R^ , R^ and Z are as above: 
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The compounds of formula Il-n and II-c can be prepared, for example, by treating 
a corresponding (R^-R^) substitutcd-bcnzcnc with formnldchydc in the presence 
of a hydrohalic acid (e.g. concentrated hydrochloric acid), if desired in a 
solvent (especially glacial acetic acid) to prepare a compound of formula II 
where m is 0 and A is a halogen, i.e. , the compound of formula Il-i . The halide 
cf formula II — i is*reacted in a converted manner with a triaryl phosphine in a 
solvent, preferably with triphenyl phosphine in toluene or benzene, or with a 
trialkyl phosphite, especially with triethyl phosphite. 

An alkoxy group present in the aforementioned (R^R^.) -benzene can be 
•introduced, for example, by alkylation of a hydroxy group present. For example 
the corresponding phenol can be reacted, preferably in a solvent (e.g. an 
alkanol) and in the presence of a base (e.g. potassium -carbonate) , with an 
alkyl halide (e.g. methyl iodide) or dimethyl sulphate. 

Compounds of formula II where m is 1 and A is a triaryl phosphonium 
group have the formula: 




Il-b 



as above. 
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Compounds of formula II where m is 1 and A is dialkoxyphosphlnyl 
have the formula: 




^CH 2 PCZ) 2 



Il-d 



VP wherein R-^ R 2 , R^ , Rjj > R5 and Z is 
as above; 



/The compounds of formula Il-b and Il-d can be prepared by first 

formylating the corresponding (R1-R5 ) -benzene . This can be 

■ M . 
carried out, for example, by formylating the (R1-R5) substituted- 

benzene in the presence of a Lev.'is acid. As the formylating 
agent there can be used, in particular, an crthoformic acid 
ester, formyl chloride and dinethy If ormamide . Especially 
suitable Lev/is acids are the halides of zinc, aluminium, 
titanium, tin and iron such as zinc chloride, aluminium tri- 
chloride, titanium tetrachloride, tin tetrachloride and iron 
trichloride as well as the halides of inorganic and organic 
acids such as, for example, phosphorus oxychloride and methane 
sulf ochloride . 



If the formylating agent is present in excess, the 
formylation may be carried out without the addition of a furthc 
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solvent.' In general, however, it is recommended to carry out the formylation 
in an inert solvent (e.g. nitrobenzene or in a chlorinated hydrocarbon such as 
methylene chloride). The formylation can be carried out at a temperature between 
0°C and the boiling point of the mixture. 

A resulting (R -R ) -bcnzaldehyde can subsequently be chain-lengthened 

\%>/ 

in a conventional manner by condensation with acetone in the cold (i.e. at 
a temperature of about 0°-pO°C) in the presence of alkali (e.g. dilute aqueous 



sodium hydroxide to give a (R -R )-phenyl-but-3-en-2-one which can be 



converted into the corresponding (R -R )-phenyl-3-methyl-3 -hydroxy-penta- 
-4-en-l-yne in a manner known per se by means of an organometallic reaction 
(e.g. by means of a Grignard reaction by the addition of acetylene) . The 
resulting tertiary ethylenic carbinol can subsequently be partially hydrogenated 
in a conventional manner using a partially deactivated noble metal catalyst 
(lindlar cataryst) . The resulting tertiary ethylenic carbinol can subsequently 
be converted, under allyl rearrangement, into the desired phesphonium salt 
of formula Il-b where m stands for 1 by treatment with a triaryl phosphine, 
especially with triphenyl phosphine, in the presence of a hydrohalide such 
as hydrogen chloride or hydrogen bromide in a solvent (e.g. in benzene) . 
The tertiary ethylenic carbinol can, moreover, be halogcnated to give the 
compound of formula II where m is 1 and A is a halide, i.e. the compound of 
formula II-k. This halide of formula Il-k can be reacted with a trialkyl 
phosphite (e.g. triethyl phosphite) to give a corresponding phosphonate of 
formula Il-d . 
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Compound:; of formula II where m is 0 and A is a cuiren* 
nroup have the formula: 




o 

fl 



-H20 



II- 



and R 



20 



^1, » 2 , 
are as above. 

Compounds of formula Il-e can be prepared, for example, by 

dissolving a (R1-R5 ) -phenol or a corresponding halobensene in 

a polar solvent such as an alcohol (e.g. methanol, ethanol or 

isopropanol) or in t etrahydrof uran or dimethy If ormarnide or in 

glacial acetic acid and treating the solution at room temperat 

with a sulfinic acid of the formula: 
_ — r 



S - 
/ 

Oil 



-20 



f p> wherein R 2 n is' as above, 
or with an alkali salt thereof. The sulfone can be isolated, 
for example, by making the reaction mixture neutral by adding 
an aqueous sodium hydrogen carbonate solution and extracting 
the sulfone with an organic solvent (e.g. ethyl acetate or ether 
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Compounds of formula II where mini and A 
stilfone ct" ou P havinq^he formula: 

0 
(/ 

CH 2 -— S — R 20 




ii -r 



f ^ wherein R 



R 5 £nd R 20 



are as above ; 

Compounds of formula Il-f can be prepared In an analogous 
manner by reacting a (R-^jR^) -pheny 1-3-methy l-penta-2 , 'l-dien- 
-l-ol or a halide thereof with a sulfinic acid, as set forth 
hereinabove or with an alkali salt thereof. 



Compounds of formula II where m is zero and A is 
ox'oj-i.e., the" compound of formula II-g can be prepared, for 
example, by formy latins in the previously described manner a 



(R, -Re- ) -benzene 
-7' 5 



In this manner, a ( R 1 ~R 5 ) -benzaldehyde is 



directly obtained from the (P^-R^) benzene. 



Compounds of formula II where m Is 1 and A is oxo, i.e 
the compound of formula Il-h can be prepared, for example, by 
submitting a (R ]L ^R 5 ) -phenyl-but-3-er>-r2-one , described herein- 
before in connection with the preparation of compounds of forr.ula 
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Il-b, to a WlttiG reaction with ct hoxy cnrbony 1 -mcthy lcno- 
triphcnylphoophorano or with die thy 1-phosphonoacct ic acid ethyl 
ester. The resulting (I^i-R^) -pheny 1-3-tnethy l-pcnta-2 , 'l-dien- 
-1-oic acid ethyl ester is subsequently reduced in the cold with 
a mixed metal hydride, especially lithium aluminium hydride, in 
an orcanlc solvent (e.g. diethyl ether or te trahy dre furan ) to 
give' a (R^R $ )-phenyl-3-methyl-penta-2,il-dien-l-ol. This 
alcohol is then oxidized by treatment with an oxidizing agent , 
for example, with manganese dioxide in an organic solvent such 
as acetone or methylene chloride at a temperature between 0°C 
and the boiling point of the mixture to give the desired 



(R 



<R c )-Dhenyl-3-methyl-penta-2,M-dien-l-al of formula Il-h. 

The compounds of formula III are . also, in part, 'novel. 



Compounds of formula III where n is zero and B is 
a triarylphosphonium group [Ill-a] or a dialkoxyphosphiny 1 
group £HI-c] can'be readily prepared by reacting an optionally 
esterified 3-halomethy 1-crotonic acid or an etherified 3-halo- 
methyl-crotyl alcohol with a triaryl phosphine in a solvent, 
preferably with triphenyl phosphine in toluene or benzene, or 
with a trialkyl phosphite, especially with triethyl phosphite. 

Compounds of formula III where n is 1 and B is a 
triarylphosphonium group [Ill-b] or a dialkoxyphosphiny 1 group 
[Ill-d] can be prepared, for example, by reducing the formyl 
group of an aldehyde "of formula Ill-h in which n stands for 
1 to the hydroxymethyl group using a metal hydride such as 
sodium borohydride in an alkanol (e.g. ethanol or isoproponol ) . 
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The resulting alcohol can he halogcnated us inn a conventional 
halof.enatinc ar.cn t (e.g. phosphorus oxychlorJdc) and the 
rcsultinc 0-halo-3 ,7-dlmethy l-octa-2 , H , 6-tricne-l-carboxy 11 c 
acid (a halide of formula III in which n stands for 1 and B is 
halogen)or a derivative thereof can be reacted either with a 
triaryl phosphine in a solvent, preferably with triphenyl 
phosphine in toluene or benzene, to give a desired phosphonium 
salt of formula Ill-b or with a trialkyl phosphite, especially 
with triethyl phosphite, to give a desired phosphonate of 
formula Ill-d. 

Compounds of formula Ill-e where n is zero and B is 
a sulfone group can be prepared, for example, by reacting 
*J-hydroxy-3-methyl-but-2-en-l-al or the corresponding acetate 
or bromide in a polar solvent (e.g. isopropanol or n-butar.ol) 
in the manner previously described with one of the sulfinic ac 
defined hereinbefore or with an alkali metal salt thereof. 

Compounds of formula Ill-f where n is 1 and B is a s 
fone group can be prepared in a manner analogous to that 
described earlier by the reaction of, for example, 8-hydroxy- 
3, 7-dime thy l-octa-2, 4, 6-trien-l-oic acid or the corresponding 
acetate or bromide of this alcohol with a sulfinic acid as 
hereinbefore defined or with an alkali metal salt thereof. 



Compounds of formula III-c where n is :'.cro and B i 5 
n oxo croup can be prepared, for example, by oxidatively 
leaving an optionally esterified tartaric acid; for example, 
usinr; lead tetraacetate at . room temperature in an orcanic 
solvent such as benzene. The resulting glyoxalic acid derivative 
is subsequently condensed in a manner known per se , conveniently 
in the presence of an amine, with propionaldehyde at an 
elevated temperature (e.g. at a temperature between 60°C and 
110°C) with water cleavage to give the desired 3-formyl- 
-crotonic acid derivative. 

Compounds of formula Ill-h where n is 1 and B is an 
oxo group can be prepared, for example, by reacting *4 , M ,-dirr.ethox 

3-methyl-but-l-en-3-ol with phosgene in the cold, preferably 
at -10°C to -20°C, in the presence of a tertiary amine such as 
pyridine and condensing the resulting 2-f ormyl-l-chloro-but-2-er.e 
under conditions of a Wittig reaction with, an optionally 
esterified 3-f ormyl-crotonic acid or to an optionally esteri- 
fied or etherified 3-f ormyl-crotyl alcohol to give the desired 
aldehyde of formula Ill-b . 

According to the process provided by the present 
invention, the following reactions are effected: 

1 phosphonium salts of formula Il-a or Il-b are reacted 

with aldehydes of formula Ill-h or Ill-g, 
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phonponium salts of formula I.TI-a or Ill-b arc 
reacted v/ith aldehydes of formula Il-h or II-g, 

• ff-° phosphonates of formula II-c or Il-d are reacted with 
aldehydes of formula Ill-h or Ill-g, 
or 

^ phosphonates of formula III-c or Ill-d are reacted 
v/ith aldehydes of formula Il-h or Il-g, 
or 

sulfones of formula Il-e or Il-f are reacted with 
halid.es of formula III-!: or III~i, 
or 



9 

sulfones of formula Ill-e or I.II-f are reacted with 



halides of formula Il-k or Il-i. 

According to the V/ittig procedure, the reaction com- 
ponents are reacted v/ith one another in the presence of an 
acid binding agent, for example, in the presence of an alkali 
metal alcoholate such as sodium nethylate or in the presence 
of an optionally alky 1-subs t ituted alkylene oxide, especially 
in the presence of ethylene oxide or 1,2-butylene oxide, if 
desired in a solvent (e.g. in a chlorinated hydrocarbon such 
as methylene chloride or in dime thy If ormamide ) at a temperature 
betv:een room temperature and the boiling point of the reaction 
mixture . 
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According to the Horner procedure, the reaction 
components are reacted with one another with the aid of a base 
and preferably in the presence of an inert organic solvent; 
for example, with the aid of sodium hydride in benzene, toluene 
dimethylf ormamide , t etrahydrof uran , dioxan or 1 , 2-dimethoxyctha 
or with the aid of an alkali metal alcoholate in an alkanol 
(e.c- sodium methylate in methanol) at a temperature between 
0°C and the b*oilinc point of the reaction mixture. 

According to the Julia procedure, the reaction com- 
ponents are reacted with one another with the aid of a conden- 
sation agent, conveniently in the presence of a polar solvent . 
Suitable solvents are, for example, dimethylf ornanide, dimethyl 
sulphoxide, dimethy lacetamide , t etrahydrof uran and hexamethyl- 
phosphoric acid triamide as. well as alkanols such as methanol, 
isopropanol or tertbutanol. Examples of strong bases which 
are preferably used as the condensation agent are alkali metal 
carbonates (especially sodium . carbonate ) , alkaline earth metal 
carbonates, alkali r-tal hydroxides (e. C . sodium hydroxide or 
potassium hydroxide), alkali metal alcoholates (e.g. sodium 
methylate and, especially, potassium tertbuty lat e ) , alkaline 
earth metal alcoholates, alkali metal hydrites (e.g. sodium 
hydride), alky 1-magnesium halides (e.g. met hy 1-magnesium 
bromide) and alkali metal amides (e.g. sodium amide). The 
reaction is expediently carried out at a low temperature, 
especially, at a temperature below the freezing point (e.g. 
between -50°C and -80°C), 
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It has been shown to be convenient in certain cases 
to carry out the rcactionr. dencrJbcd hereinbefore in situ; i.e. 
without isolating the phosphoniun: Gait, phosphonate or sulfone 
from the medium- in which it is prepared. 

A carboxylic acid of formula I can be converted in a 
manner known per se (e.g. by treatment with thionyl chloride, 
preferably in. pyridine ) into an acid chloride which can be 
converted by treatment with ammonia into an amide and by 
reaction with an alkanol into an ester. 

A carboxylic acid ester of . formula I can be hydrolysed 
in a manner known per se (e.g. by treatment with an alkali, 
especially aqueous-alcoholic sodium hydroxide or potassium 
hydroxide) at a temperature .between room temperature and the 
boiling point of the mixture and then amidated either via an 
acid halide or as described hereinafter. 

A carboxylic acid ester of formula I can be converted 
directly into a corresponding amide, for example, by treatment 
with lithium amide. The lithium amide is advantageously treated 
with the ester at room temperature. 

A carboxylic acid or a carboxylic acid ester of 
formula I can be reduced in a manner known per se to give a 
correspond j ng alcohol of formula I. The reduction is advantage- 
ously carried out using a metal hydride or alkyl metal hydride 
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In an inert solvent. The preferred hydrides are the mixed 
metal hydrides such as lithium aluminium hydride or bis [net hoxy- 
-ethy lenoxy ]-sodlum aluminium hydride. Suitable solvents are, 
inter alia, ether, t e trahydrof uran or dioxan when lithium 
aluminium hydride is used and ether, hexane, benzene or toluene 
when diisohutyl aluminium hydride or bis [methoxy-et hy lenoxy 3- 
•-sodium aluminium hydride is used. 

An alcohol of formula I can be etherified with an alkyl 
halide (e.g. ethyl iodide), for example, In the presence of 
a base, preferably sodium hydride, in an organic solvent such 
as dioxan, tetrahydrof uran , 1 , 2-dimethoxy ethane , dimethy 1 f ormamic 
or in the presence of an alkali metal alcoholate in an alkanol 
at a temperature between 0° C and room temperature. 

An alcohol of formula I can also be esterified by 
treatment with an alkanoyl halide or anhydride, expediently in 
the presence of a base (e.g. pyridine or triethy lamine ) at a 
temperature between room temperature and the boiling point of 
the mixture. 

An alcohol ester can be saponified in a manner knov:n 
per se; for- example, in the manner previously described in 
connection v/ith the hydrolysis of a carboxylic acid ester. 
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An alcohol of formula I or an ester thereof can be 
oxidized in a manner known per se to give a correspond ing acid 
of 'formula I. The oxidation is advantaceously carried out 
with silver (I) oxide and alkali in water or in an organic 
watcr-mlscrlble solvent at a temperature between room temperature 
and the boiling point of the mixture. 

o 

An amine of formula I forms addition salts with 
inorganic and organic acids. Examples of such salts are those 
formed with hydrohalic acids (especially with hydrochloric or 
hydrobromic acid), with other mineral acids (e.g. with sulphuric 
acid) and with organic acids (e.g. with benzoic acid, acetic 
acid, citric acid or lactic acid). 

A carboxylic acid . of formula I forms salts with bases, 
especially with alkali metal hydroxides and especially with 
sodium hydroxide or potassium hydroxide. 

The compounds of formula I can occur as cis/trans 
mixtures v;hich, if desired, can be separated into the cis and 
trans components or isomerised to the all-trans compounds in 
a manner knov.-n per se. 

The following examples are illustrative but not 
limitative of this invention. In the examples, the ether . 
utilized was diethyl ether. In the examples concentrated hydro- 
chloric acid denotes an aqueous solution containing about 37% 
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by weight hydrochloric acid. TJ,o term 1^ , 

town 3,. formaldehyde which appears in the 
Samples indicates on aqueous solution containing 35" , 

fll , comaming 3u 0 formaldehyde. The term 

low boiling petroleum ether" as used <» tho n 

used the examples designates petroleum 

ether boiling- at C. 

The sodium hydride (50-go°\ , ^ - 

C5CM30,) u«, Jlzed ln the examplGS refcrs (Q a m . neiai 

OH suspension con.ainin^ 30 ,„ 60% by woight sodium 
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Example 1 



228 g of 5-(4-mcthoxy-2,3,6-trimotliyl-pJicnyl)-3-mcthyl-pcnta-2,4-^ 
dicnc-l-triphonylphosphonium bromide are introduced under nitrogen gassing 
into 910 ml of dimethylformamide and treated with cooling at 5-10°C within 20 
minutes with 17.5 g of a suspension of sodium hydride (about 50% by weight) 
in mineral oil. The mixture is stirred for 1 hour at about 10°C , then treated at 
5-8°C dropwise with 61 . 8 g of 3-formylcrotonic acid butyl ester , heated for 2 
hours at 65°C, subsequently introduced into 8 1 of ice-water and, ^fter the addition 
of 300 g of sodium chloride, thoroughly extracted with a total of 18 1 of hexane . 
The extract is washed 5 times with 1 1 of methanol/water (6: 4 parts by volume) 
each time and 2 times with 1.5 1 of water each time, dried over sodium sulphate 
and evaporated under reduced pressure to leave 9- (4-methoxy-2 , 3 , 6-trimethyl- 
-phenyl)-3,7-dimethyl-nona-2,4,6,8-tetraen-l-oic acid butyl ester, m.p. 80jf 
81°C .as the residue. 



U c 



^ Example 2 



125.8 g of 9- (4-methoxy-2,3 , 6-trimethyl-phenyl)-3 ,7-dimethyl-nonaO 
2,4,6,8-tetraen-l-oic acid butyl ester are introduced into 2000 ml of abs . cthanol 
and treated with a solution of 125 .8 g of potassium hydroxide in 195 ml of water . 
The mixture is heated to boiling under nitrogen gassing for 30 minutes, then 
cooled, introduced into 10 1 of ice-water and , after the addition of about 240 ml 
of cone, hydrochloric acid IpII 2-4^J, thoroughly extracted with a total of 9 1 of 
methylene chloride. The extract is washed with about G 1 of water to neutrality, 
dried over calcium chloride and evaporated under reduced pressure. The 
residue is taken up in 700 ml of hexane. The precipitated 9- (4-methoxy-2 , 3 , G- 
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-tri methyl -phenyl) -3 , 7-dimethyl-nona-2 , 4 , G , 8- tetrncn-l-oie acid molts at 
228-230°C. 



Example 3 



500 g of 2 T3 , 5-lrimethylphenol are introduced into 1840 ml of ethanol and 
184 ml of water and treated, with gentle stirring, with 240 g of potassium hydroxide. 
To the resulting clear solution, there are added dropwise at 0~ 5 ° c within 30 J^45 
minutes G26 g of methyl iodide. The reaction mixture is stirred for 2 hours at 
room temperature, subsequently stirred under reflux conditions for 12 hours at 
60°C, then treated with 5 1 of water and thoroughly extracted with a total of 6 1 of 
diethyl ether. The extract is washed first with 3 1 of 3 aqueous sodium hydroxide, 
then washed 2 times with 1 1 of water each time, dried over sodium sulphate and 
evaporated under reduced pressure. The remaining 2 , 3 , 5-trimethylanisole , 
after rectification, boils at 88-90°C/10 mm Hg. 

y 
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184 g of phosphorus oxychloriclo arc added dropwisc to 87.1 g of dimcthyl- 
formamidc with stirring nt 10-20°C within 20-30 minutes. The temperature should 
rise to 25°C towards the end of the addition. Into the obtained mixture, there ore 
introduced 150 g of 2 , 3 . 5-lrimcthylanisole within 20 minutes with cooling; at 10"-2O°C 
The reaction mixture is slowly heated up to max. 115°C, stirred for G hours at 
100°Cfor the completion of the reaction, poured, after cooling, into 2 kg of ice/-" 
water 1: 1 parts by volume and , after the addition of 1500 ml of benzene, treated 
with 500 g of sodium acetate. The water phase which forms is separated after 
stirring for 1 hour and again extracted with 1000 ml of benzene. The combined 
benzene extracts are washed successively with 480 ml of 1.5 aqueous hydrochloric 
acid and 500 ml of water, dried over sodium sulphate and filtered over 20 g of 
decoloring carbon. The filtrate is evaporated under reduced pressure. The 
remaining 2 , 3 , 6-trimethyl-p-anisaldehyde melts, after recrystallisation from hexar. 
at65^66°C. " ' 
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2G0 ix <**^^ .G-li-iinolhyl-p-nnisnkloliyclo ar J^^k^xluecd into a mixture of 
3500 mi of acetone ami 1-300 ml of water and treated with 730 ml of 10 wt.'i aqueous 
sodium hydroxide with stirring nt oj5°C in the course of about 30 minutes. The 
mixture is stirred for 3 days at room temperature and subsequently, after 
lowering; of the pH value to 4j5 by addition of acetic acid, concentrated under 
reduced pressure. The concentrate is extracted with a total of 3000 ml of 
diethyl ether. The ether extract is washed first with 700 ml of an aqueous 5% by 
weight sodium bicarbonate solution, then washed with 700 ml of water, dried 
over sodium sulphate and evaporated under reduced pressure. The remaining 
oily 4-(4-methoxy-2,3,6-trimethyl-phenyl)-but-3-en-2-one boils, after 
rectification, at 120-127°C/0. 05 mm Kg. 



36.45 g of magnesium are superficially corroded with a small amount of 
iodine, introduced into 1000 ml of tetrahydrofuran and treated dropwise with 162.5 
g of ethyl bromide under nitrogen within 45 minutes. In so doing, the temperature 

should amount initially to 8-10°C. It can rise to 25°C towards the end of the 

/J 

introduction. The reaction mixture is stirred, optionally with renewed addition 

of a further 5-10 ml of alkyl bromide, until the magnesium has gone completely 

into solution. The obtained Grignard solution is subsequently added dropwise 

at 0°C into a saturated acetylene/tetrahrydrofuran solution manufactured from 

650 ml of tetrahydrofuran by gassing for 3 hours with acetylene at -10° to -5°C. 

The reagent is stirred for 1 hour at 0°C , then treated dropwise within 30-45 

minutes with acetylene gassing at 0°C, with a solution of 218 g of 4- (4-methoxy- 

2,3, 6-trimethyl-phenyl)-but-3-en-2-one in 250 ml of tetrahydrofuran . The 

reaction mixture is stirred for 24 hours at 0°C and subsequently for 12 hours 

at room temperature, then introduced into 4.5 kg of ice/ water 3.5:1 parts by 

volume, adjusted to a ipH of about 4 by the addition of 700 ml of 3 N hydrochloric 

acid and thoroughly extracted with a total of 3 1 of diethyl ether. The 

ether extract is washed to neutrality with a total of 2 1 of water, dried 

over, sodium sulphate and filtered ovor ?.Q (■■ or .tp,,,,..;.- _ . u . ._. 

:-. a ^ 0 '-'OJfi.ri^-- CArfeon .■■ .-T/ie.fiJTr«re i?3 
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evaporated under reduced pressure, the remaining 5- (4-metlioxy-2 , 3 , G-tr imelhyl - 
phcnyl)-3-mclhyl-3-hydroxy-pcnta-4-en-l-ync, after rectification at 125-135°C/ ~ 
0.04 mm Hg, melts at 58^G0°C. 

244 g of 5-X4-mcthoxy-2,3 > 6-trimcthyl-phenyl)-3-mcthyl-3-hydroxy-pcnta^: 
4-en-l-yne are dissolved in 400 ml of hexane and, after the addition of 45 g of a 
partially poisoned palladium catalyst, hydrogenated at room temperature under 
normal pressure. The hydrogenation is stopped after about 40-60 minutes after 
the uptake of the amount of hydrogen necessary for the saturation of the acetylene- 
ethylene bond {25 Q. The hydrogenation solution is filtered-. The filtrate is washed 
with 300 ml of ethyl acetate and evaporated under reduced pressure. The 
remaining 5- (4-methoxy-2 , 3 , 6-trimethyl-phenyl) -3-methyl-3-hydroxy-pent-l , 4~ ..... 
diene melts at 46-47°C. 

246 g of 5- (4-methoxy-2, 3, 6-trimethyl-phenyl) -3-methyl-3-hydroxy-penta^ 
l,4 1 diene are dissolved in 2400 ml of benzene. The solution is treated with 343 g 
of triphenylphosphonium hydrobromide , stirred for 24 hours at 60°C , then cooled 
and the benzene separated. The sediment is digested 4 times with 500 ml of 
benzene each time and, after separation of the benzene washings, dissolved in 
700 ml of methylene chloride. The solution is evaporated under reduced pressure. 
The remaining 5- (-4-methoxy-2 , 3 , 6-trimethyl-phcnyl)-3-methyl-penta-2 , 4-diene- 
1-triphenylphosphonium bromide is dried in vacuo before further processing. 



Example 4 



1775 g of lead tetraacetate (90",) are gradually introduced within 30 n.inutcs 
at 25-30° C into a solution of 1000 g of L (+) -tartaric acid dibutyi ester in 3850 ml 
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of benzene. The reaction mixture is subsequently stirred for 1 hour at room 

tcnipcrnlurc. The sediment is filtered off and extracted with 500 ml of benzene. 

The benzene extract is evaporated under reduced pressure. The remaining 

f o 

glyoxalic acid butyl ester boils, after rectification, at 50- G5 C/12 mm Hg. 

a) 



836 g of the obtained glyoxalic acid butyl ester are introduced into 376 g- 

of propionaldehyde . The mixture is treated dropwise at 60°C with 40.8 g of 

di-n-butylamine . In so doing, the reaction temperature should not rise higher 

than 106°C. The reaction mixture is then stirred for 2 hours at 116-111°C, cooled 

and taken up in ether. The diethyl ether extract is washed successively with 

500 ml of 1 N sulphuric acid, 700 ml of water, 1000 ml of 5% by weight aqueous 

sodium bicarbonate solution and subsequently with 1000 ml of water, dried over 

sodium sulphate and evaporated under reduced pressure. The remaining 3-^ 

formyl-crotonic acid butyl ester boils, after rectification, at 93-105°C/14 mm Hg; 
25 



Example 5 



28.5 g of 5- (47methoxy-2,3,6-trimethyl-phenyl)^3-methyl-penta-2,4- • 
diene-l-triphcnylphosphonium bromide are introduced under nitrogen gassing 
into 240 ml of isopropyl alcohol. After the addition of 0.12 g of butylatcd hydroxy 
toluene, the mixture is cooled to -35°C and treated at this temperature under 
strong stirring within 5 minutes with 7.50 g of 3-formylcrotyl acetate. The 
reaction mixture is subsequently mixed with 7 . 2 g of a 50 wt . % aqueous 
potassium hydroxide solution - in so doing the temperature should not rise above 
-25°C - and, after stirring for 1 hour at -30°C, introduced into a mixture of 110 
g of water, 90 g of ice and 90 ml of hexuna. The hexone layer is separated. The 
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aqueous phase is shaken out 5 times with 90 ml of hexane each time. The combined 
hexane extracts arc shaken out 5 times with ISO ml of methanol/ water 80: 20 parts 
by volume each time. The hcxane phase is washed with water, dried over sodium 
sulphate and evaporated under reduced pressure. The remaining l-acetoxy-9^ 
(4-mcthoxy-2 , 3 , 6-trimethyl-phenyl)-3 , 7 -dimethyl -nona- 2 , 4 , G , 8-tctraenc , an oil , 
can be purified \}y absorption on silica gel cluent: hexanc/diethyl ether 80: 20 
parts by volume . 



Example 6 



^ 59 g of 2 , 3 , G-trimethyl-benzyl-triphenylphosphonium bromide and 28 g 

of 7~formyl-3-methyl-octa-2 , 4, 6-trien-l-oic acid butyl ester are introduced into 
280 ml of abs. ethanol. The mixture- is treated dropwise at a temperature between 
0° and 10°C with a solution of 2.72 g of sodium in 160 ml of abs. ethanol, sub- 
sequently stirred for 48 hours at room temperature, then introduced into 800 
ml of water and thoroughly extracted with a total of 3000 ml of hexane . The 
hexane extract is shaken out 3 times with 1000 ml of methanol/water 60: 40 parts 
by volume each time, then dried over sodium sulphate and evaporated under 
reduced pressure. The remaining 9- (2 , 3 , G-trimethyl-phenyl)-3 , 7~dimethyl- 
nona-2 , 4 , 6 , 8-tetraon-l-oic acid butyl ester is an oil. 

(^yi^C- Example 7 

10 g of 9-(2,3,G-trimclhyl-phenyl)-3,7-dimcthyl-nona-2,4,G,8-tctraen-l-£p 
oic acid butyl ester arc introduced into 100 ml of abs. ethanol and, after the 
addition of a solution of 10 g of potassium hydroxide in 20 ml of water, healed to 
boiling under nitrogen gassing. The initially cloudy solution becoming clear . 
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chloric acid, with methylene chloric Thee. 

c , dried over C . ld » chloride „„< ov^tcO under reduce, prcssuie. 
water, dneaovc 8 -tctracn-l-oic 

- *iwi-nhcnyl)-3,7-dimethyl-nona 2.4.b.» 
remaining J . » u > o r 

aci d meits. arte,- recrysU—n ethyl acetate, at ^ • 

» f: I ^ Example ^ 

, , re treated dropwise with 700 ml of cone . sulphuric 
J 300 g of pseudocumol are tieated mop 

' 1 ,„ 40°C The mixture is subsequently 

rcld In so doing, the temperature can rise to 40 C. 

o „ Mition of *50 g of bromine . stirred for 1 hour at 

, a ,n 90° C and, after the addition ot -du s 

r:::^. _ - - - ~ ^ — — e" 

the t em P crature rises to -C. The precipitated mi.ure of so, mate 
filtere d off and dissolved in 3000 m! of hot water. The —le 3 . S , 0 

2 ,, im e t hylhen Z e n e is separated and reacted. The a.ueous sdution is 

introdueedintolOOOmlof SO wt , sulphuric acid which is being nea ed 

at Jo a nd blown throu g h with steam. The 
coming over with the steam boils at 86°C/ 6 mm H B . 



250 G of 1 -bromo- 2 ,3. 6 -,ime t h y lben Z ene are dissolved in ,00 ml of diethyl 
eth er. The solution is added dropwise at with gentle cooling into a 

- - ofC6 5 g of magnesium (activated with iodine) and 200 ml of 
Qii^nension of 66. t> g 01 luci b 

:„ «„„. «. — . — ~~ *^ - • 

o-one into solution, J^J B Ui 

«• , f tho diethyl ether poured onto ice. noted 
for 0 hours . after evaporation of the di.thy 



I 



1000 ml of 0 N hydrochloric acid and heated to boiling for 30 minutes under carbon 
dioxide gassing. .The distillate , obtainable thereafter by water distillation, is 
extracted with methylene chloride. The methylene chloride phase is evaporated 
under reduced pressure. The remaining 2 , 3 , G-trimcthylbcnzaldchydc boils 

at 70^-72°C/1.2 mm Hg. 

P 

129. C g of 2 , 3 , 6-trimelhylbenzaldchyde are dissolved in 300 ml of methanol 
and, after the addition of 7 0 ml of water, cooled to 0°. The mixture is treated 
portion-wise with 18.25 g of sodium borohydride , stirred for 1 hour , subsequently 
poured onto ice and thoroughly extracted with diethyl ether . The ether extract 
is dried over sodium sulphate and evaporated under reduced pressure. The 
remaining 2 , 3 , G-trimethylbenzyl alcohol is further processed as follows: 

75 g of 2,3,6-trimethylbenzyi alcohol are dissolved in 175 ml of low-boiling 
petroleum ether. The solution is treated dropwise within 2 hours at -10°C with 
a solution of 51 g of phosphorus tribromide in 60 ml of low-boiling petroleum ether. 
The reaction mixture is stirred for 12 hours at room temperature, then poured 
onto ice and extracted with diethyl ether. The ether extract is washed first 
with an ice-cold, saturated, aqueous sodium bicarbonate solution, then with a 
saturated aqueous common salt solution, dried over sodium sulphate and 
evaporated under reduced pressure. The remaining 2 , 3 , 6-trimethylbenzyl 
bromide boils, after rectification, at 75^80°C/0.05 mm Hg . 



73.3 g of 2 , 3 , G-trimcthylbcnzyl bromide arc dissolved in 170 ml of 
benzene. The solution is treated with 90.0 g of Iriphcnyl phosphinc. In so 
doing, the temperature rises to 40°C. The mixture is stirred for 12 hours at 
room temperature. The precipitated 2 , 3 , G-lriincthy Ibcnzyl- tripheny lphosphoruum 

-3«- 





iido molts, after washing with low-boiling petroleum clher nnd drying, . 



at 24 0-242°C. 



6( 



Ex ample 9 



I After the*addition of a slight amount of iron (III) nitrate, 27 00 ml of 

liquid ammonia are treated portion-wise with stirring and cooling with 169.5 g 



after about 30-45 minutes, acetylene gas in a stream of 3 1/min. is led in until 
the dark coloration of the reaction mixture becomes lighter. Then, the gas stream 
is reduced to 2 1/min. and the mixture treated dropwise with a solution of 500 g 
of rnethylglyoxal-dimethylacetal in 425 ml of abs. diethyl ether. The gassing 
with acetylene is continued for 1 hour with stirring. The reaction mixture is 
subsequently treated -portion-wise with 425 g of ammonium chloride, gradually 
warmed to 30°C within 12 hours with evaporation of the ammonia and extracted 
with 1600 ml of diethyl ether. The ether extract is dried over sodium sulphate and 
evaporated under reduced pressure. The remaining 4 , 4-dimethoxy-3-methyl- 
but-l-yn-3-ol boils, after rectification, at 33°C/0.03 mm Hg; n 2 ^ = 1.4480. 

• 198 g of 4 s 4-dimethoxy-3-methyl-but-l-yn-3-ol are dissolved in 
960 ml of high-boiling petroleum ether and, after the addition of 19.3 5% 
palladium catalyst and 19.3 g of quinoline, hydrogenated under normal conditions. 
After the uptake of 33.5 1 of hydrogen, the hydrogenalion is stopped. The 
catalyst is filtered off. The filtrate is evaporated under reduced pressure. The 
remuining 4 ,4-dimelhoxy-3-melhyl-but-l-cn-3-Gl boils, after rectification, 
at 70-72°C/J8 mm Hg. 



of potassium. As soon as the initially blue coloration has disappeared, i.e. 
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<4> 105 ,„1 of phosgene arc led into 1570 ml or carbon tetrachloride at -10 C. • 
After the addition of 213 e of pyridine, the solution is treated dropwise at a 
temperature of -10 to -20°C with 327 4 . 4-dimcthoxy-3-mcthyl-but-l-cn-3-ol . 
The reaction mixture is slowly warmed to 25°C with stirring, stirred for a 
further 3 hours at room temperature, cooled to 15°C and treated with 895 ml 
of water. The aqueous phase is separated and rejected. The organic phase is 
' treated, after standing tor 12 hours in the cold, with 448 ml of 5", by weight 
aqueous sulphuric acid, stirred for 5 hours, then washed with water, dried 
over sodium sulphate and evaporated under reduced pressure. The remaining 
2-formyl-4-chloro-but-2-ene boils, after rectification, at 37-40°C/1.8 mm Hg; 
' = 1.4895. 



-HO- 



1 



1G5.7 E of 2-forn iy lH-chloro-but-2-cnc arc dissolved in 8-10 ml of benzene 
and (rented with 3G7 g of triphenyl phosphinc. The reaction mixture is heated 
to boiling under reflux conditions for* 12 hours with nitrogen gassing, then cooled 
to 20°C. The precipitated 2-formyl-but-2-cnc-4-triphonyl-phosphonium chloride 
melts, after washing with benzene and drying, at 250-252°C. 

© 

212.6 g of 2-formyl-but-2-ene-4-triphenylphosphonium chloride and 95 g 
of 3-formylcrotonic acid butyl ester are introduced into 1100 ml of butanol and treat 
at 5°C with a solution of 57 g of triethylamine in GO ml of butano] . The reaction 
mixture is subsequently stirred for G hours at 25°C, then cooled and introduced 
into water and thoroughly extracted with hexane. The hexane phase is washed 
first repeatedly with methanol/water (6: 4 parts by volume) , then with water, 
dried over sodium sulphate and filtered. The filtrate is isomerised for 12 hours 
by shaking with iodine. The iodine is removed by the addition of sodium 
thiosulphate. The filtrate is washed again with water, dried and evaporated 
under reduced pressure. The remaining 7-formyl-3-methyl-octa'-2 , 4, 6-trien-rp 
oic acid butyl ester boils, after rectification, at 102-105°C/0 . 09 mm Hg. 



Example 10 



By the procedure of Example 6 



fo 2,4,6- 



triisopropyl-bcnzyl-triphenylphosphonium 
bromide is condensed 
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with ' O 7-formyl-3-mclhyl-octa-2,4,G-tricn-l-oic acid 
butyl ester to form 

9- (2 , 4 , G-triisopropyl-phcnyl)-3 , 7-dimcthy l-nona^5 
2,4,6,8-tclracn-l-oic acid butyl ester (oil*); 

fj<f 

I ^ which is hydrolyzcd by the procedure of Example 7 
to forip: 

I ■ >. 9- ^^.G-triisopropyl-plienyO-G^-dimethyl-nona- 
2,4,6,8-tetraen-l-oic acid m.p 221°C . 



Example 11 



r 



136 g of 1,3,5-triisopropyl-benzene, 228 ml of acetic acid, 420 ml of cone . 



hydrochloric acid and 55 g of formaldehyde (35%) are heated to 60 C. The 
reaction mixture is stirred at this temperature firstly for 3 hours, then, after the 
renewed addition of 21 g of formaldehyde (35%), for a further 12 hours, then cooled 
to room temperature and thoroughly extracted with benzene. The benzene 
extract is washed successively v/ith water, with a saturated aqueous sodium 
bicarbonate solution and again with water, dried over sodium sulphate and 
evaporated under reduced pressure. The remaining 2 , 4 , 6-triisopropyl-benzyl 
Chloride boils, after rectification, at 7 0°C/0.05 rnm Hg. 

69.6 g of 2 ,4, 6-triisopropyl-benzyl chloride are dissolved in 10Q0 ml of 
xylene. The solution is treated with 79.5 g of triphenyl phosphine. The mixture 
is stirred for 18 hours at 125°C, then cooled . The 2 , 4 , G-triisopropy 1-benzyl- 
triphcnylphosphonium chloride'alrcady precipitated at 80°C melts, after 
trituration and washing with benzene, at 237-^238 C. 
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Ivxmnplo ]?. 
By the procedure of Example 6: 

/*3 pcnlamcthyl -benzyl -I r iphcnylphosphonium chloride 
is condensed 

with ^7-formyl-3-methyl-octa-2 , 4 , G-lricn-l-oic-acid butyl 
ester to produce 

fj ... - 

9- (penJamcthyl-phenyl)-3 , 7-dimethy 1-nona ,2,4,6,8- 

-rtetraen-l-oic acid butyl ester (oil) ; 

j^ (L y> which is hydrolyzed ~by the procedure of Example 7 to 

the fa 9- (pentamcthyl-phcnyl)-o , 7-dimcthyl-nona-2 , 4,6,8- 

/ % \ -tetraen-l-oic-acid m.p.: 22S-229°C. 

Lj/\^<L Example 13 

184.5 g of pentamethylbenzene , 193 ml of glacial acetic acid, 355 ml of 
cone, hydrochloric acid and 44 g of formaldehyde (35%) are heated to 65°C. The 
reaction mixture is stirred at this temperature first for 3 hours, then, after the ' 
renewed addition of 13.1 g of formaldehyde (35%) for a further 3 hours, then cooled 
to room temperature and thoroughly extracted for a further 12 hours with benzene. 
The benzene extract is washed successively with water, diluted aqueous sodium 
hydroxide and water, dried over sodium sulphate and evaporated under reduced 
pressure. The remaining pcntamethyl-bcnzyl chloride molts, after rccry stall isa- 
tion from hexane, at 80-81°C. 
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101. 0 g of iSiilainclliyl-bt'ir/.yl chloride. 119 fc^^t ripheny 1 plic»r,pliino and 
250 ml of toluene arc stirred for-5 hours nl 100°C. The pentamclhy l-bcir/.yl- 
-triphcnylphosphonium chloride precipitated witli cooling of the reaction mixture 
melts, after trituration and washing with low-boiling petroleum ether, at 258;- 
259°C. 



L e 



Example 14 



16 g of 3-chloro-2,4,6-trimethyl-benzyl-triphcnylphosphonium chloride 
and 10 g of 7-forniyl-3-methyl-octa-2 , 4 , 6-trien-l-oic acid butyl ester are 
heated to boiling with stirring after the addition of 40 g of 1,2-butylene oxide. 
The 1,2-butylene oxide is slowly distilled off. The reaction mixture is stirred 
for 30 minutes at 80-82°C, then cooled and thoroughly extracted with hexane. 
The hexane extract is shaken out 5 times with 50 ml of methanol/water 70: 30 . 
parts by volume each time, then dried over sodium sulphate and evaporated under 
reduced pressure to produce 9- (3-chloro-2 , 4 , G-trimethyl-phenyl) , 3 , 7-dimcthyl- 
-nona-2,4,6,8-tctraen-l-oic acid butyl ester as a residue. 



r 



Example 15 



5 g of 9- (3-chloro-2 , 4 , G-trimelhyl-phenyl)-3 , 7-dimethy l-nona-2 , 4,6,3- 



-tctraen-l-oic acid butyl ester are heated to boiling under nitrogen gassing in 50 
ml of a 5% by weight elhanolic potassium hydroxide solution. The solution 
becoming clear with boiling is cooled after 30 minutes, introduced into water and 
made acidic by the addition of the acetic acid. The precipitated 9- (3-chloro- 2 , 4 , - 
C-lriincthyl-phcnyi) -3. 7-dimethy l-nona-2, 4 , G , 8- tctraon-l- oic acid melts, after 

recrystallisalion from benxene, at 203-209°C. 

aJ 
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Ci 



^ Example 1G 



[ 119 g of chloromcsilylcnc , 11.9 g of paraformaldehyde and 5.95 g of xinc 
chloride (anhydrous) are healed to G0°C and gassed with hydrogen chloride, 
with stirring, firstly for 8 hours and, after the addition of a further 11.9 g of 
paraformaldehyde, for a further 8 hours. The reaction mixture is then poured 
onto ice and thoroughly extracted with : die±hyl ether. ^ The ether extract is 
washed successively with water, with a saturated aqueous sodium bicarbonate 
solution and with water, dried over sodium sulphate and evaporated. The 
remaining 3-chloro-2 , 4 , 6-trimelhyl-benzyl chloride boils, after rectification, 
at 138°C/17 mm H.g. • . 

71.25 g of 3-chloro-2 ,4,6-trimethyl-bcnzyl chloride, 92 g of triphenyl 
phosphine and 375 ml of abs. toluene are heated at 100°C for 12 hours. The . 
3-chloro-2 , 4 , G-trimethyl-benzyl-triphenylphosphonium' chloride precipitated - 
with cooling melts at 233-235°C. ' 
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Example 17 



By the procedure given in Example 14 
/ 3-nitro-2 ,4 , G-trimcthyl-bcnzyl-triphcnylphosphonium 
chloride is condensed 
with /^7-formyl-3-mcthyl-hcpta-2 , 4 ,6-trien-l-oic acid butyl 
ester to form . .. 

$\J.. 9- C3-nitro-2 , 4 , 6-trimethyl-phenyl)- 3 , 7-dimethyl- 
-nona-2,4,6 , 8-tetraen-l-oic acid "butyl ester (oil) ; 
which is converted by the procedure of Example 15 to: 
. t'£$ m 9-(3-nitro-2 ,4 , 6-trimethyl-phenyl)-3 ,7-dimethyl- 
4-i> -nona-2, 4 ,6, 8-tetraen-l-oic acid, m.p. 205-206°C. 



is 



Example 18 



10 g of nitromesitylene , 2 g of p-formaldehyde and 1 g of zinc chloride 
(anhydrous) are heated to 60°C and gassed with hydrogen chloride for 1G hours 
with stirring. The reaction mixture is then poured onto ice and thoroughly 
extracted with diethyl ether. The ether extract is washed successively with 
water, a saturated, aqueous sodium bicarbonate solution and with water, 
dried over sodium sulphate and evaporated. The remaining 3-nitro-2 , 4 , 



trimcthyl-benzyl chloride, an oil, n' 



D 



■ 1.5373, is further processed es follows. 



11. C g of 3-nitro-2 ,4 .G-triphcnyl-bcrr/.yl chloride, 14 g of triphenyl 
phosphine end 100 ml of ubs. benzene are heated to boiling under reflux 
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conditions for 2^teHU*?. The 3-niUo- 2 , 4 , Cr- Witm*^^bcn;:y 1-Wiphcny lphoNphcmiu«i 
chloride precipitated with cooling melts iit 202-253 C. 

■ $s 

y - Example 19 



By the procedure of Example 14: 
rf'Q 4-mcthoxy-2 ,3,5 ,G-tetramethyl-bcnzyl- 

-triphenylphosphonium chloride is condensed 
\vith/^,7-formyl-3-methyl-octa-2 ,4 , G-trien-l-oic acid butyl 
ester to form-: 

/ \) 9-(4-methoxy-2 ,3,5 , G-tetramethyl-phcnyl)-3 , 7- ' 
dimethyl-nona-2 , 4 ,6 , 8-tetraen-l-oic acid butyl 
ester foil} > which is converted by the procedure 
of Example 15 to: 
I Q 9-(4-mcthoxy-2 ,3 ,5 .G-tetramethyl-phenyD-S ,7- 
.-dimethyl-nona-2 ,4,6 , 8-tetraen-l-oic acid, 'm. p. 
^j. 230-233°C. 



c Example 20 



T 15 q of 2 ,3 ,5 ,6-tetramethylphenol are dissolved in 55.3 ml of methanol 

and, after the addition of 7.25 g of potassium hydroxide in 5 . 5 ml of water, 
treated dropwise at Q-5°C k vilh 18.8 g of methyl iodide. The reaction mixture 
is stirred for 2 hours at room temperature and subsequently for 12 hours at 
G0°C, then cooled, diluted with 150 rnl of water and extracted with 100 ml of 
diethyl ether. The ether extract is washed successively with' 3 N sodium 
hydroxide and water , dried over sodium sulphate and cvoporalcd under reduced 
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pressure. The ^fct^+uiw^ 2 . 3 . 5 , C- letrnmelhv lwwwjtauilts . after purification 

r "\ o 

by absorption on silicn gel (cluent: methylene chloride^ , at 53-55 C. 



43 g of 2 ,3 ,5 .G -tetramctVylanisole in 110 ml of acetic ncid anhydrous 
arc introduced into 203 ml of 37 ? u by weight aqueous hydrochloric ncid and 
treated dropwi.se with 21. G g of 37% formaldehyde - The reaction mixture is 
heated to 70°C for 3 hours with stirring 1 and, after the renewed addition of 
8.3 & of 37"o formaldehyde , stirred for a further .3 hours at 70°C. The mixture 
is subsequently cooled to room temperature and extracted with 500 ml of benzene. 
The benzene extract is separated. The aquecus phase is shaken out with benzene. 
The combined benzene extracts are washed successively with water , with a 
saturated, aqueous sodium carbonate solution and again with water, dried and 
evaporated under reduced pressure. The remaining 1 4-methoxy-2 , 3 , 5 , 6- 
-tetramethyl-benzyl chloride melts , after recrystallisation from ethyl acetate/ 

" hexane (1: 3 parts by volume) at 104-105°C. 

4 

28 g cf 4-methoxy-2 ,3 ,5 , 6-tetramethyl-benzyl chloride, 34.7 g of 
triphenyl phosphine and 153 ml of toluene are heated at 100°C for 12 hours. The 
4-methoxy-2 ,3 ,5 , 6-tetramethyl-benzyl-triphenylphosphonium chloride precipitate 
with cooling melts at 251-252°C. 



Example 21 



GO g of 9-(4-methoxy-2,3,G-trimrjthyl-plienyl)-2,7-dirnethyl-nona-2,4,6,8- 
-lelraen-l-oic acid ore dissolved in 1000 inl of acetone. After the addition of 128 g 
of methyl iodide and 128 g of potassium carbonate, the solution is stirred under 
nitrogen go:;sing for 10 hours at 55-G0°C and subsequently evaporated under 
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reduced prcystS The residue is dissolved in 13 OTTO 1 of petroleum elhor (boitini 
point 80-105°C ). The 9- (4-mcthoxy- 2 , 3 , G-trimclhy 1 --phony 1) -3 , 7-dimclhvl - nona- 
-2,4,G,8-tctrnen-l-oic acid methyl ester crystallising out nt -20°C, melts at. 



9S-99 C. 



£ Example 22 



I By the procedure of Example 21: 

fZ2 9- (4-methoxy-2 , 3 , 6-trimcthyl-phenyl)-3 , 7- 
-dimethyl-nona-2,4,6,8-telraen-l-oic acid 
and ethyl iodide is converted to 

j^j, 9- C4-methoxy-2 , 3 , 6-trimethyl-phenyl>-3 , 7- 
*" -dimethyl- nona-2, 4, 6, 8-tetraen-l-oic acid 
« ' h s ethyl ester; m.p.: 104-105°C; 

9- (4-methoxy-2 , 3 , 6-trimethyl-phenyl)-3 , 7- 
-dimethyl-nona-2 ,4 , 6 , 8-tetraen-l-oic acid 
and isopropyl iodide is converted to 

f/^ 9- (4-methoxy- 2,3, 6-trimelhyl-phenyl) -3 , 7- 
-dim ethyl- nona-2 ,4 , 6 , 8-tetraen-l-oic acid 
isopropyl ester; (oil) . 



L/{^ Example 23 



28 . G g of 9- (4-mcthoxy-2 , 3 , G-trimcthyl-phcnyl)-3 , 7-diiricthyl-nona-2 , 4 , G , 
-tctracn-l-oic acid arc introduced into 300 ml of benzene and treated under 
nitrogen Kassintf with 12 g of phosphorus trichloride. The benzene is subsequent 
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distilled off under rciluccd pressure. The remaining 0- (4-snelhoxy- 2 , 4 , G- 

-lriinelhyl-plicnyl)-3.7-diinclhyl-nonn.2.4.G,S-tclraen-l-oic acid chloride is 

dissolved in 1200 ml of diethyl ether. The solution is added dropwisc at -33° C into 

500 ml of liquid ammonia and stirred for 3 hours. The reaction mixture is then 

diluted with 500 ml of diethyl ether and stirred without cooling for a further 12 

hours, the ammonia evaporating. .The residue is dissolved in 10 1 of methylene 

chloride. The solution is washed 2 times with 3 1 of water , dried over sodium 

sulphate and evaporated under reduced pressure. The remaining; 9- (4-mcthoxy- 

-2,3, G-lrimcthyl-phenyl)-3 , 7-dimethyl-nona^2|4 ,t, S-tetraen-l-oic acid amide 

f o 

melts, after recry stallisation from ethanol, at 207-^209 C. 



a 



Example 24 



By the procedure of Example 23: 

9- (4-methoxy-2 , 3 , 6-trimethy].-phenyl)-3 , 7-dimethyl- 
-nona-2 ,4 , G , 8-tetraen-l-oic acid chloride and 
ethylamine are converted to - 
9 _ (4-methoxy- 2,3, 6-trimethyl-phenyl)-3 , 7-dimethyl- 
-nona-2, 4,6, 8-tetraen-l-oic acid ethyl, amide; m.p. 

V 179-18 0°C; and . _ 

ff'} 9- (4-methoxy- 2,3, G-trimcthyl-phenyl) -3 , 7-dimethyl- 
-nona-2 , 4 , G ,8-<elraen-l-oic acid chloride and 
dielhylamine arc converted to 
f J 9- (4-rncthoxy-2, 3 , G , -trimclhyl -phenyl) -3 , 7-dimothyl- 
-nona-2,4 1 G,8-lctracn-l~oic acid diethyl amide; m.p. 
105-1 0G°C. 
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Manufacture of n capsule fi llin g material of the following composition: 
n 

9- ('I-Mclhoxy-2 ,3 , G-trimcthyl- 
-phcnyl )-3 , 7-dimcthyl-noiia- 
-2 , 4 , G , 8-lclrnen-l-oic acid 

ethyl ester 0.1 g 



0 6l0 



Wax mixture . 51.4 g 

Vegetable Oil 103.0 g 
Ti'isodium salt of cthylencdiamine 

tetraacetic acid g 

Individual weight of a capsule .150 mg 
Active material content of a capsule 10 mg 



Example 26 

Manufacture of an ointment containing 0 . 3% active material of the following 

composition: 

■ — S^=* 

9- (4-Methoxy-2 , 3 , G-trimethyl- 
-phenyl)-3 , 7-dirnethyl-nona- 

-2,4,6,8-tetraen-l-oic acid 0.3 g 



Cetyl alcohol . 2.7 g 

Lanoline - . . - 6.0 g 

White Vaseline - 15.0 g 

Dist. water q.s. ad 100.0 g 

— ^ 
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Kxninplo 27 



Manufacture of u walcr/fat emulsion containing 0.3" active material of the 
following composition: 



=*> 

9- (4-Mcihoxy-2 , 3 , G-trimcthyl- 
-phcnyl )-3 , 7-d imcthy l-nona-2 , *1 , G , 
-tclraen-l-oic acid ethyl amide 

Magnesium slearatc 

Perhydrosqualcne 

: . ^> 



0.3 q 

2.0 er 

13.0 g 



Example 28 



:/ Manufacture of a solution containing 0.1% active material of the 
following composition: 



9-(4-]Ylethoxy-2,3, 6-trimethyl- 
-phenyl)-3,7-trimethyl-nona-2,4,6,8- 
-tetraen-l-oic acid 0.1 g 

Dimethyl sulphoxide • 70.0 g 

Water q.s. ad 100 ml 
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^ 66 £ Mim^r—^ 

By the procedure of Example 1 9" ( 'l -ally loxy- 2 , 3 > 6^ 
trimcthyl-phonyl)-3,7-aimcthyl-nona-2 , 'I , 6 , 0-tc tracn-l~oic 
acid ethyl ester is manufactured from 5-( 'i-ally loxy-2 ,3 , 6-0 
trimethyl-phenyl)-3-methyl-pcnta-2,'l-diene-l-triphenyl- 
phosphonium bromide by reaction with 3-f ormy 1-cro tonic 
acid ethyl ester. This product is converted to 9-( f »-^> 
allyloxy-2 , 3 , 6-trimethy 1-phenyl ) -3 ,7-d ime thy l-nona-2 , H , 6 , 8<=} 
tetraen-l-oic acid of melting point 193°j-200°C. by the 
procedure of Example 2. 

The 5- (^-allyloxy-2 ,3 , 6-trimethy 1-phenyl) -3-methyl-penta^ 
2, ij-diene-i-triphenylphosphonium bromide employed as the 
starting material can be prepared by the procedure of 
Example 3. This procedure is carried out by alkylation 
of 1, 3 4 5-trimethylphenol with allyl bromide to give 
1, 3, 5-trimethy 1-phenyl allyl ether (boiling point 7 6 o -Z0° C/0 . 05 
mmHg), by formylation of the ether obtained to give iJ-ally loxy£> 
2,3, 6-trimethy 1-benzaldehyde (boiling point 90°^102° C/0 . 15 rr~Hg) , 
by condensation of the aldehyde obtained with acetone to give 
4-(n-allyloxy-2,3 , 6-trimethyl-phenyl) -but-3-en-l-al (boiling 
point 135°-138°C/0. 05 mmHg) , by reaction of the ketone obtained 
with acetylene to give 5- ( '1-ally loxy-2 , 3 , 6-trimethy 1-pheny 1 )^ 
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|-mctt)yl-3-!)Vd'roxy-iHMil;i-l|-cn-].-ync , by partial hyd ro^e na t I oti 
>f the tertiary acetylene carbinol obtained to [';ive S-C'l^ 
illy loxy-.? , 3 , 6-trlincthy 1-phcny 1 ) -3-mcthy l-3-hydroxy-pcnta<P • 

^Jl-ciicne and by reaction of the tertiary ethylene carbinol 
>btained with tripbeny Iphosphinc hydrobromide . There is 
>btaincd 5~ ( 'I -ally loxy- 2 , 3 , 6-tr ime thy 1-pheny 1 ) -3 -me thy 1-pen fca- 
> li-diene — tri'pheny lphosphonium bromide which melts at 
Ll'l°-ll6°C. . . • 

r ' • 
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Dy the procedure of Example l'», 9-( 2 , 'I , 6-trimc thy 1-phcny 1 ) ■ 
3,7-dimcthyl-nona-2,il,6,a-tetracn-l-olc acid butyl ester is 
manufactured from 2 , 'I , 6- tr imc thy 1-bcnsy 1- tr iphony lphosphonium 
chloride by reaction with 7-f ormy 1-3-mcthy l-octa-2 , k , 
tricn-l-oic acid butyl ester. This product is converted to 
9- ( 2 , '1 , 6-trimethy 1-pheny 1 ) -.3 ,7-dimethy l-nona-2 , U , 6 , 8-t e traen-1- - 
oic acid of melting point 2l4°-215° C by the procedure of Example 

The 2, *1 , 6-trimethy 1-benzyl-tripheny lphosphonium chloride 
employed as the starting material is prepared by the procedure 
described in Example 18 by halof ormy lation of mesitylene to give 
2, Jl, 6-trimethy 1-benzyl chloride (boiling point 112°C/12 mm Hg) 
and reaction of the latter compound with tripheny lphosphine . 
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Kxatup.lo 31_ 

By the r^P^**^ of Example l'l , 9- ( 'l , G- te tramc t hy 1- 

phenyl) -3 ,7 -dime thy l-nona-2 , '! , 6 , 3-tctracn-l-olc acid butyl 
ester' la manufactured from 2 , 3 , ^ , 6- tc trame t hy 1-bcnzy 1- 
tripheny lphosphonium chloride by reaction w.ith 7-formyl-3- 
inethyl-octa-2 , *l ,6-trien-l-oic acid butyl ester. From this 
product, there is produced by the procedure of Example 15 
9_( 2, 3 , k , 6-tetra-methyl-phonyl)-3 , 7 -dime thy l-nona-2 , l\ ,6 3 Q- 
tetraen-l-oic acid of melting point 201° v -202° C . 

The 2,3,4, 6-tetramethyl-benzyl-tripheny lphosphonium 
chloride employed as the starting material is prepared by 
the procedure described in Example 16 by halof ormy lat ion 
of 1,2,3, 5-tetramethyl-benzene to give 2 , 3 , ^ > 6-tetramethy 1- 
benzyl chloride (n^° = 1.5571) and reaction of the latter 
compound with tripheny lphosphine . 
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| Dy the: procedure described in Example I'l, 9~ ( -'l-mc thoxy^P 
2 , 6-d line thy 1-phcnyl )-3 ,7 -dime thy l-nona-2 ,'1,6, S- tc tracn-l-oio 
acid butyl ester is manufactured from 't-mc t hoxy-2 , 6-d imc t by 1- 
benzy 1- tripheny Iphosphonium chloride by reaction with 7^) 
f ormy 1-3-methy l-octa-2 , H , 6-trien-l-oic acid butyl ester. 
From this product, there is produced by the procedure of 
Example 15 , 9-( ^-methoxy-2 , 6-dime thy l-pheny v l ) -3 ,7-dimethy 1- 
nona-2 , k > 6 , 8- tetraen-l-oic acid of melting point 207°-208°C. 

The -'l-methoxy-2 , 6-dimethy 1-benzy l-triphenylphosphoniu.nl 
chloride employed as the starting material is prepared by . 
the procedure described in Example 16 by halof ormy lation 
of 3 , 5-dimethy lanisole to give ^-raethoxy-2 , 6-dimethy 1-benzy 1. 
chloride (n^ = 1-5^75) and reaction of the latter compound 
with tripheny lphosphine . " - 
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Exampl e 33 

By the procedure described in Example 1*1 , 9- ( 3-me tliox,\*-' 

2 , H , 6-- tr line thy 1-pheny l)-3 ,7-cUmc thyl-nona-2 , 'I , 6 , 0- to traen- 1- 

oic acid butyl ester is manufactured from 3-me thoxy-2 , h , 6- ■ 

trimcthy 1 -bensyl-triphcny lphosphonium cliloridc by reaction 

with 7 - for my 1 — 3— me thy l-octa-2, 'I ,6 — tricn— 1 — oic acid butyl ester. 

This product is converted to 9- ( 3-methoxy-2 , l \ , 6- trimethy 1- 

pheny l)-3 J-dimethyl-nona-2 , ^ , 6 , 8-tetraen-l-oic acid of 

melting point lS6°i-193°C, utilizing the procedure described. 

» /J 
in Example 15- 

The 3-methoxy-2 , *i , 6-trimethy 1-benzy 1-tripheny lphosphonium 
chloride employed as the stai'ting material is prepared by 
the procedure described in Example 16. by halof ormy lation of 
2 , *4 , 6-trimethy lanisole to give 3-methoxy-2 , ^ , 6-trimethy 1-benzy 1 
chloride (n^ 7 = l'. 5415) and reaction of the latter compound 
with triphenylphosphine . The 3-methoxy-2 , U > 6-trimethy 1-benzy 1- 
tripheny lphosphonium chloride melts at 308°-310°C. / 
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0^ CJ> Exam ple ? 34 

(K By the procedure described Jn Example X 'I , 9- ( 'I -me t hoxy^ 
3-ai: ly 1- 2, 6-d imc t hy 1-pheny 1) -3 ,7 -dime thy l-nona-2 , 'J ,6,3- tetracn< 
1-oic acid butyl ester is manufactured from *«-mothoxy-3'-0 
ally 1-2, 6-dimcthy 1-bcnzy 1-triphcny lphosphonium chloride by 
reaction with 7-f ormy 1-3-methy 1-oc ta-2 , h , 6-tr ien-l-oic 
acid butyl ester. This product is converted by the procedure 
of Example 15 to 9- ( -mcthoxy-3-ally 1-2 , 6-dime thy 1-pheny 1 )^ 
3J-dimethyl^ona-2,1 , 6 , 8-tetraen-l-oic acid of melting point 
160°C-161°C. 

The i|-methoxy-3-allyl-2, 6-dimethy 1-benzyl-tripheny 1- 
phosphoniun chloride employed as the starting material is 
prepared by the procedure described in Example 16 by halo- 
formylation of 3 , 5-dime thy 1-2-ally 1-anisole to give 
ii-methoxy-3-allyl-2 s 6-dimethyl-benzyl chloride (n--^ = 1.5690) 
and reaction of the latter compound with tripheny lphosphinel 
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By the procedure described in Example M, 9- (4-mclhoxy-3-nilro-2 , G- 
-dinicthyl-phciiyl)-3.7-dimcthyl-nonn-2.4 I G,S-(ctracn-l~oic ncid ethyl ester 
is manufactured from 4-mcthoxy-3-nitro-2 , G-dimcthyl-bcn*y 1-triphcny Iphocphoni 
chloride by reaction with 7-formyl-3-mclhyl-octa-2 , 4 , G- tricn-l-oic acid ethyl 
ester. This product is converted by the procedure of Example 15 to 9-(4-mcthoxy 
-3-nitro-2 , 6-dimcthyl-phcnyl)-3 , 7-dimcthyl-nona-2 , 4 . 6 , S-tctraen-l-oic acid 
of melting point 109°^110°C. 

The 4-methoxy-3-nitro-2 , 6-dimethyl-benzyl-triphenylphosphonium 
chloride employed as the starting material is prepared by the procedure 
described in Example 1G by haloformylation of 2-nitro-3 , 5-dimethyl-anisole 

O 9 

to give 4-methoxy-3-nitro-2,6-dimethyl-benzyl chloride (melting point 109 ^ 
110°C) and reaction of the latter compound with triphenylphosphine . The 
4-methoxy-3-nitro-2 , G-dimethyl-benzyl-triphenylphosphonium chloride melts 
at 230°--232 O C. 
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By the pr^Bduro described in ISxamplJ^^J , 9- ( '» -c t iioxiQ 
2, 3 , 6- tr line thy 1-phcny 1 ) -3 , 7-d imc thy l-nona-2 ,'1,6 , 8- totraeiv£^ 
1-oic acid ethyl ester (melting point 96°^-97°C) is manufactured 
from 'l-ethoxy-2,3 » 6-tr imc thy l-bcn::.y l-triphcnylphosphonium 
chloride by reaction with 7 -foriny 1-3-nie t hy .l-octa-2 , U , 6£) 
trien-l-oic acid ethyl ester. 



The Jl-ethoxy-2 , 3 , 6- 1 rime thy 1-benzy 1-tripheny lphosphonium 
chloride employed as the starting material is prepared by 
the procedure described in Example Jjbl&y alkylation of 
2,3 ,5-trimethylphenol to give j2 ,3 , 5- tr ime t hy 1-pheny 1 ethyl- 



ether (meltins point ' 93°^9 5° C ) , by halof ormy lat i on of the 
,ether obtained to give 4-e thoxy-2 , 3 , 6-trimethy 1-benzy 1 
'chloride (melting point 63° / j6^°C) and by reaction of the 
latter compound v/ith tr ipheny lphosphine 
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^ lly the procedure described in Example 1*1, 9- ( 'l~D 
isopropoxy-2 , 3 , 6-tr ime thyl-pheny 1 ) -3 ,7-dimcthy 1-nona- 
2 , 4 'l , 6 , 0 — t e Uracn— l — o i c acid butyl ester is manufactured from 
'l-isopropoxy-2,3 , 6-tr imethy 1-bensy 1-tripheny lphosphonium 
chloride by reaction with 7-f ormy 1-3-mcthy l-octa-2 , 'I , 6-tricn^ 
1-oic acid butyl ester. This product, is converted by Uhe 
procedure of Example 15 to 9- ( ^-i sopropoxy-2 , 3 , 6-trime thy 1- 
phenyl)-3 ,7-dlmethyl-nona-2 il , 6 , 8-tetraen-l-oic acid of melting 
/ 

point 176° 7> 177°C. 

The H-isopropoxy-2 3 3 ,6-vrimethyl-benzy 1-tripheny 1- 
phosphonium chloride employed as the starting material is 
prepared by the procedure . described in Example. 18 bjy 
alkylation of 2 , 3 , 5-trimethy Iphenol to^gJ I v_ej2 _ 73T^-^i nl e thy 1- 
phenyl isopropyl ether (boiling point 115°C/11 mmHg), by 
halof ormylation of the ether obtained to give M-isopropoxyO 
2,3 ,6-trimethyl-benzyl chloride (n|^ = 1.5133) and by 
reaction of the latter compound with tripheny Iphosphine . 
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^ K xample 33 ^ 

^ Hy the procedure described in Example 1 'I , 9-(3^ 
d line thy 1 ami no- 2, 'I., 6- tr line thy 1 -phony l)-3 ,7 -d line thy 1-nor.a- 
2, 'I , 6 , 8-tctraen-l-oic acid ethyl eater ( bri£h t-y e 1 low oil) 
is manufnetured from 3-dimethy lami no-2 , H , 6- tr line t hy l-bensy 1- 
tripheny Iphosphonium chloride by reaction with 7-f orrnyl-3^ 
ir.ethy 1-oc ta-2 l \ , 6-tr ien-l-oic acid ethyl ester. 

The 3-difhethylamin.o-2 , '1 , 6- 1 rime thy 1-benzy 1-tripheny 1- 
phosphonium chloride employed as the starting material is 
prepared by the procedure described in Example 16 by 
halof ormy lat ion of N , N-dime thy Imesidine to give 3-dimethyl- 
amino-2 , ^ , 6-trimethy 1-benzy 1 chloride (boiling point 71°C/11 
mmHg) and reaction of the latter compound with triphenyl- 
phosphine. * . 
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Y 1.7 [T of 8-diclhoxy-p]iosplu-)no-3,7-diinctliyl-octa-2.4 t G-tricn-X-oic 

acid ethyl cslcr arc introduced in 8.0 ml of Ictrahydrofurnn . The solution is 

cooled to 0°C after addition of 0.27 g of sodiumhydridc (50- CO^) , then stirred 

30 minutes at 0°C and thereafter a solution of 0.96 g of 2 , 3 , 6- trimcthyl-pO 

-anisaldehydc in 3 ml of tctrahydrofuran is added drQpv. ise during 1 15 minutes. 

The reaction mixture is stirred 7 hours at room temperature, then poured into 

ice and, after addition of 2 N hydrochloric acid, extracted with diethyl ether. 

The ether extract is washed neutral with water, dried over sodium sulfate and 

evaporated under reduced pressure. The remaining- 9- (4-methoxy- 2 , 3 , SzJ* 

trimethyl-phenyl)-3 ,7-dimethyl-nona-2 ,4 , 6 ,8-tetraen-l-oic acid ethyl ester 

melts at 104-105°C. 
A) 

Instead of sodium hydride (0.27 g) , employed above, an alkali metal 
alcoholate can also be used as condensation agent, e.g. sodium ethylate (0.125 g 
of sodium in 5 ml ethanol) . 

g Example 40 

■ KP ■ 

/ 3 . 03 of 8-bromo-3 ,7-dimethyl-octa-2 ,4,6-trien-l-oic acid ethyl ester 
arc heated with l.GG g of lr icthylphosphilc slowly to 125°C. The surplus bromo 
ester is distilled off. The residue is cooled and poured into ice and extracted 
with diethyl ether and an aqueous solution of sodium-hydrogen carbonate, 
dried nnd evaporated under reduced pressure. The remaining 8-dicthoxy- 
-phor;phono-3 , 7-diinclhyl-oela- 2 ,4 , G-trien -1-oic acid ethyl ester is immediately 
treated, u.s described above, with 2 , 3 , C-lriinothyl-p-ani.'jaldoliydo . 
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Kxmu plc 41 



f 2 g of 1- (phonyl-sulfonyl)-mcthyl- 4-mclhoxy-2 , 3 , 0- trimclhyl- benzene 
arc introduced in 10 nil of telrahydrofuran . The solution is cooled lo -7S°C and, 
after the addition of 0.51 g of butyl lithium, treated with n solution ofl.8g 
8-bromo L 3,7-dimcthyl-octa-2,4,G~trien-l-oic acid ethyl ester in 8 ml of tetra- 
hydrofuran. The reaction mixture is stirred 2 hoursat -78°C. 2 hours at -4C°C 
and l'G hours at % lo +5°C. The mixture is poured into ice and, after addition of 
2 N hydrochloric acid, extracted with diethyl ether. The ether extract is washed 
neutral with water , dried over sodium sulfate and evaporated under reduced 
pressure. The remaining 9- (4-methoxy-2 , 3 , 6-trimcthyl-phenyl)-9- (phenyl- 
-sulfonyl)-3,7-dimethyl-nona-2,4,6-trien-l-oic acid ethyl ester (2.8 g) is 
diluted with 8 ml of abs. ethanol . The solution is treated at 0°C in 2 portions 
with 1.2 g of sodium ^ethy late powder. The mixture is stirred 30 minutes at _ 
0°C, then 2 hours at 80°C, thereafter cooled, poured into ice and, after the 
addition of 2 N hydrochloric acid, extracted with diethyl ether. The ether extract 
is washed neutral with water, dried over sodium sulfate and evaporated under 
reduced pressure. The remaining 9- (4-methoxy-2 , 3 , 6-trimethyl-phenyl)-3 , 7- 
-dirnethyl-nona-2,4,6,8-tetraen-l-oic acid ethyl ester melts at 105 to 105°C. 



/ ^ Example 42 



^ 1G.8 g of 4-metho>ry-2,3,6-trimclhyl-bcnzyl alcohol, 17 . 4 g of sodium salt 
of benzene sulfinic acid, 20.0 ml of isoproponol and 30.0 ml of glacial acetic acid 
are heated 1G hours under nitrogen and reflux conditions. The reaction mixture 
is cooled, treated portionv/ise with 200 ml of water and neutralized by the 
addition of .sodium hydrogen carbonate. The organic layer is separated, washed 
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several Unit::; wttTKn aqueous solution of sodium- h^W^u-carbonatc by 
weight), <\v\cx\ over sodium sulfate and evaporated under reduced pressure. The 
remaining 1 - (phony 1- sulfonyl )- methy l~-l-mcthoxy-2 , 3 . G-lrimcthy l-benr.cnc shows 
the follow in c I.R.: 1592, 15S0, 1302,^1149, 118 cm *. 



00 o 



Example 43 



^ 1.03 gof 4-methoxy- 2,3,6- Irimcthy 1-bcnzylchloride , 1.67 g of 8- (phenyl- 
-sulfonyl)-3,7-dimethyl-octa-2,4,6-tricn-l-oic acid ethyl ester and 10 ml of 
dimethyl formamide are cooled to 0°C and treated with 0.374 of solid sodium 
ethanolate. The reaction' mixture is stirred 3 0 minutes at room temperature, 
then poured into ice and, after the addition of 2 N hydrochloric acid, extracted 
with diethyl ether. The ether extracted is washed neutral, dried over sodium 
sulfate and evaporated under reduced pressure. The remaining 9- (4-methoxy- 
-2,3, 6-trimcthyl-phenyl) -8- (phenyl-sulfonyl) -3 , 7-dimethyl-nona-2 ,4,6, 8-trien-l 
-oic acid ethyl ester is (as described in Example 42) v/ith the formation of 
benzene sulfonic acid as side product and additional carbon-carbon double bond 
in the main product, transformed into the desired 9- (4-methoxy-2 , 3 , 6-trimethyl- 
-phenyl)-3,7-dimethyl-nona-2,4,6,8-tetraen-l-oic acid ethyl ester (m.p. 104- _^ 
105°C). 



(^JA^ Ex-ample 44 



8.5 [r of 8-bromo-3,7-dinicthyl-octa-2,4,6-trien-l-oic acid ethyl ester ere 
dissolved into 95 ml of dimethyl sulfoxide. The solution is treated under nitrogen 
in the cold v/ith 0.45 of sodium salt of benzene sulfinic acid. The mixture is 
stirred 1 hour ut room temperature, then poured into ice and extracted v/ith 
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diethyl oilier. Tl^Uicr extract is washed v; ilh ^^Kr*JmrtrUH.\ over sodium sulfate 
and evaporated under reduced pressure. The remaining 8- (phenyl sul fonyi ) - 
-3,7-dimclhyl-octa-2.4.G~lricn-l-oic acid ethyl ester mclls at 11'J l7 115°C. 



Lxnmplc 45 



By the procedure of Example 21: 

9 ~ C4-»ficthoxy-2 ,3,5, G-tetramethy 1-phcnyl ) -3 , 7- 
-dimethyl-nona-2,4,G,S-tclraen-l-oic acid ethyl 
ester (melting point 105° j jlOG°C) is manufactured 
from 9-(4-^ethoxy-2,3,5,6-tetramethyl-phenyl)- 
-3,7-dimethyl-nona-2,4, 6,8-tetraen-l-oic acid 
and ethyl iodide; 

0 

' ° 9- (4-methoxy-2 , 3 , 6-trimethyl-phenyl)-3 , 7- 
-dimethyl-nona-2,4, 6,8-tctraen-l-oic ccid 2- 
-diethylaminoethyl ester Cbright-yellow oil) is 
manufactured from 9- (4-methoxy-2 , 3 , 6-trimethyl- 
-phenyl)- 3 , 7-dimethyl-nona-2 , 4 , 6 ,8-tetraen-l-oic 
acid and dielhylaminoelhyl chloride; 

fo and 9-(4-methoxy-2,3,6-trimethyl-phenyl)-3.7- 
-dimclhyl- nona- 2 , 4 , G , 8-telracn-l-oic acid 
(3-pyridyl) methyl est or (melting point 113"/ll4°C) 
is manufactured from 9- (4 -rnethoxy-2 . 3 , G-trirncthyl- 
-phcnyl)- 3,7^-dimothyl-nona- 2.4 , G , 8-tetracn-l-oic 
acid and bela-picol ine chloride. 
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^ 20 g of 9-(4-nict]ioxy--2,3,G-lriinclhyl-phcnyl)-3 1 7-dimclhyl-iiona-2.«l 1 6,8- 
-lctrncn-1-oic acid arc dissolved in 200 ml of telrahydrofuran . After the addition 
of 5.5 ml of phosphorus trichloride, the solution is stirred for 2 hours at room 
temperature, cooled to 0°C and treated firstly with 50 ml of pyridine and then 
dropwise at 0°-5°C with 50 ml of propargyl alcohol. The mixture is stirred for 
2 hours at room temperature and then diluted with water. The organic phase 
is washed successively with water, dilute hydrochloric acid and a 2 ? o aqueous 
sodium bicarbonate solution, dried over sodium sulphate and evaporated. There 
is obtained 9- (4-methoxy-2 , 3 , G-trimcthyl-phcnyl) -3 , 7-dimethyl~nona-2 ,4,6,8- 
-tetraen-l-oic acid propargyl ester which melts at 94°^95°C after absorption 
on aluminium oxide using benzene as the eluent. 



Example 47 



By the procedure of Example 46: 

jj^j) 9- (4-methoxy-2 , 3 , G-trimethyl-phenyl) -3 , 7-dimethyl- 
-nona-2 , 4 , 6 , 8-tetraen-l-oic acid allyl estex* (melting 
/f^"^) point GG°-G8°C) is manufactured from 9- (4-methoxy- 
2,3, 6-trimcthyl-pheny 1) -3 , 7-dimethyl-nona-2 ,4,6,8- 
-tetracn-l-oic acid and allyl alcohol. 
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/0 ¥ Exam ple 48 



By the procedure of Example 23 : 
]^ 9- (4 -mclhoxy-2 , 3,5, 6-lctrametliy 1-phcnyl) - 
-3 , 7-dimcthyl-nona-2 , 4,6, 8-tctraen-l-oic 
acid cthylamidc (melting point 200°^201°C) is 
.manufactured from 9- (4-mcthoxy-2 , 3 , 5 , 6-tetra- 
methyl-phenyl)-3 . 7-dimethyl-nona-2 ,4 , 6,8- 
-tetraen-l-oic acid chloride and cthylamine; 



fo 



and 9- (4-methoxy-2 , 3 , 6-tr imelhy 1-phenyl) - 
-3 , 7-dimethyl-nona-2 ,4,6, 8-tctraen-l-oic 
acid morpholide is manufactured from 9- (4- 
-methoxy-2 , 3 , 6-trimethyl-phenyl)-3 , 7-dimethyl- 
-nona-2,4,6,8-tetracn-l-oic acid chloride and 
morpholine . 



Example 49 



f 



15 g of 9- (4-rnethoxy-2 , 3 , G-trimcthyl -phenyl)-3 , 7-dimcthyl-nona-2 , 4 , 6 , S- 
-letraen-l-oic acid ethyl ester (50: 50 cis/trans mixture) are chromatography on 
1.5 kg of aluminium oxide (activity stage 1) using- hexanc/diethy 1 ether (SO: 20 
parts by volume) as the eluent. From the front, there is isolated 9- (4-methoxy- 
-2,3,G-trimetl)yl-plienyl)-3,7-diinctliyl-nona-2-trans,4-cis,G-trans,8-tran5 J - 

-telracn-l-oic acid ethyl ester as a light-yellow oil. 
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(yC<£> Kx ample 50 

The 4-mcthoxy-2 ,3 , 5-trimethy 1-bcnzy 1-triphcny Iphosphonium 
chloride employed as the sturting material in Example 51 is prepared in a 
manner analogous to that described in the aforegoing Example 8, e.g., 
by the following sequence: 



f 



2 , 3 , 6-trimethylphenol 



I 2,3 ,6-trimethylanisole 

4-methoxy-2,3 , 5-trimethyl-benzyl chloride. 
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£ Example 51 



In analogy to the procedure given in Example G: 
4-methoxy-2 , G-dimclhyl-3-cthy 1-bcnzyl-triphcnyl-phosphonium 
chloride is condensed with 7-formyl-3-mcthy l-octa-2 , 4 , G-trien-l-oic acid ethyl 
ester to produce 9- (4-mcthoxy-2 , 6-dimethyl-3-cthyl-phenyl)-3 , 7-climethy l- 
nona-2,4,6,8-tetraen-l-oic acid ethyl ester which is converted by the procedure 
of Example 7 to form 9- (4-methoxy-2 , 6-dimethyl-3-cthyl-phenyl)-3 ,7^2 
dimethyl-nona-2 , 4 , G , 8-tetraen-l-oic acid, m.p.: 197jl98°C. 



- 71 - 



I 

2 

4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15. 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 



(_y(yi Exnmplo 52 W 
The 4-methoxy-2 , G-dimethy 1-3-ethy 1-bcnzyl-lriphcny Iphosphonium 
chloride employed as the starting material in Example 53 can be prepared 
in a manner analogous to that described in Example 8 by the following- 
sequence: 

3 , 5-dimethylphenol 

1- acetoxy-3 , 5-dimethyl-henzene 

2- acetyl-3 , 5-dimethyl-phenol 
2-ethyl-3 , 5-dimethyl-phenol 
2-ethyl-3 , 5-dimethyl-anisole 

— 4-methoxy-2,6-dimethyl-3-ethyl-benzyl chloride. 
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f In nnalojjy to Ihc procedure given in Example G: 

4-methoxy-3,5-diethyl-2 , G-dimethyl-benzy l-triplicnylphosphonium 
chloride is condensed with 7-formyl-3-mcthyl-octa-2 , 4 1 6-trien-l-oic acid ethyl 
ester to produce the 9- (4-mcthoxy-3 . 5-dicthy 1-2 , G-dimcthy 1-phenyl) - 3 , 70 
dimethyl-nona-2,4,6,8-tetraen-l-oic acid ethyl ester which is converted by 
the- procedure ^of Example 7 to 9- (4-methoxy-3 , 5-diethyl-2 , 6-dimethyl-phenyl)- 
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Example 54 




^ The 4-methoxy-3 . 5-diethy 1-2 , G-dimelhy 1-bonzyl-tripheny Iphosphoniui 
chloride employed as starting materials in Example 55 can be prepared in a 
manner analogous to that described- in Example 8 by the following sequence: 



1- acetoxy-3 ,5-dim ethyl-benzene 

2- acetyl-3 , 5-dimethyl-phenol 
2- ethyl- 3 , 5-dimethyl-phenol 
l-acetoxy-2-ethyl-3 , 5-dimethyl-benzene 
6- acetyl- 2-ethy 1-3 , 5-dimethyl-phenol 



f- 2 , 6-diethyl- 3 , 5-dimethyl-phenol 
|- 2 ,6-diethyl-3 , 5-dimethyl-anisole 



4-methoxy-3, 5-diethy 1- 2, 6-dimethyl-benzyl chloride. 
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• In analog 



QjL?£ Example 66 



ogy to the procedure given in Example 
9- (4-mcthoxy-2 ,3 ,6-trimcthyl-phenyl)-3 , 7-diinethyl -nona-2 , 4 , 6 , 8iC2 
tctracn-l-oic acid chloride is reacted with mcthyl-amine to produce 9-(4<> 
methoxy-2 ,3 ,G-trimcthyl-phcnyl)-3 ,7-dimcthyl-nona-2 ,4 ,6 ,8-tetracn-l^P 
oic acid methyl amide, m.p. 206°C . ; 

9- (Vmethoxy-2 , 3 , 6-trimethyl-phenyl)- 3 , 7-dimethyl-nona-2 , 4,6, 8C? 
tetraen-l-oic acid chloride is reacted with isopropyl amine to produce 9- (4^P 
methoxy- 2,3, 6-trimethyl-phenyl) -3 , 7-dimethyl-non a- 2 , 4 , 6 , 8-tetraen-l-oic 
acid isopropyl amide, m.p. 200°C; 

9- (4-methoxy-2 ,3 , 6-trimethyl-phenyl)- 3 , 7-dimethyl-nona-2 ,4,6, 
tetraen-l-oic acid chloride is reacted with butyl amide to produce 9-(40 
methoxy-2 , 3 , 6-trimethyl-phenyl) -3 , 7-dimethy 1-nona- 2 , 4,6, S-tetraen-lO 
oic acid butyl amide, m.p. 178°C; and 

9- (4-methoxy- 2,3, 6-trimethyl-phenyl) - 3 , 7-dimethy 1-nona- 2,4,6, 8<? 
tetraen-l-oic acid chloride is reacted with hexylamide to produce 9- 
methoxy-2 , 3 , 6-trimethyl-phenyl)-3 , 7-dimethy l-nona-2 ,4,6, 8-tetraen-l-0 
oic acid hexylamide, m.p. 157-158°C. 
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)S 



^S i n analogy to the procoduve given in Example 6: 

4-propoxy-2 , 3 ,G-trimcthyi-bcnzyl-triphcny 1-phosphonium chloride 
is condensed with 7-formy 1- 3-mcthyI-octa-2 , 4 ,6-tricn-l-oic acid ethyl ester to 
produce 9- (4-propoxy-2 , 3 ,6-trimethyl-phenyl) -3 , 7-dimethyl-nona-2 , 4 , 6 , 8^ 
tctraen-l-oic acid ethyl ester which is converted by the procedure of Example 
to 9- (4-propoxy*2 , 3 , 6-trimethyl-phenyl) -3 , 7-dimethy l-nona-2 , 4,6, 8-tetraen-l 
oic acid, m.p.: 200- / 2Gl°C. 
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C^O^ Example 56 



The 4-propoxy-2 ,3 , G-trimolhyl-bcnzyl-triphcnylphosphonium 
chloride employed as starting material, can bo prepared in a manner analogou 
to that described in Example 8, e.g., by the following: sequence: 
^ 2,3,5-trimethylphcnol 



J 



2 ,3 ,5-trimcthyl-propoxy -benzene 



i — 4-propoxy-2 ,3 , 6-trimethy 1 -benzyl chloride. 
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Example 57 



In analogy to the procedure given in Example C: ^ 

. 4-ethoxy-2 ,3,G-triinctliyl-benzyl-triphcnyl-p]iOsphonium chloride 

is condensed with 7-formy 1- 3-mcthy l-octa-2 , 4 , G-tricn-l-oic aeid ethyl ester 

to produce 9- (4-ethoxy-2 , 3 , G-trimethyl-phenyl) - 3 , 7-dimethyl-nona- 2,4,6, 8^ 

tetranoic acid ethyl ester which' is converted by the procedure of Example 7 to 

9- (-4-ethoxy-2 <l 3 ,6-lrimethyl-phenyl)-3 , 7-dimethyl-nona- 2 ,4 ,G , 8-tetraen-l£} 
i 

oic acid, m.p. 219-220°C. 

/i 
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n (X^O Example 5& 

r 



By the procedure of Example 6: 
3 , 5-dichIoro-2 ,4 ,G-trimclhy 1-bcnzyl- triphony 1-phosphonium chloride 
is condensed with 7-formyl-3-methyl~octa-2 , 4 ,6-trien-l-oic acid ethyl ester 
to form 9- (3 , 5-dichloro-2 ,4 ,G-trimethyl-phenyl)-3 , 7-dimcthyl-nona-2 ,4,6 , 8^P 
tetraen-l-oic acid ethyl ester which is converted by the procedure cf Example 7 
to 9- (3 , 5-dichloro-2 ,4 ,6-trimethyl-phenyl)-3 , 7-dimethyl-nona-2 , 4 , 6 , 8-tetraen-llP 
oic acid, m.p: 220-222°C . 
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^ (^L-d Examp le 59 



In analogy to the procedure given in Example 6: 

3~chloro-2 ,4 , G-trimethyl-bcnzyl-triphcny 1-phosphonium chloride 

is condensed with 7-formyl-3-m ethyl- octa-2 , 4 , 6-trien-l-oic acid ethyl ester 

to produce 9- (3-chloro-2 ,4 , G-trimcthyl-phenyl)-3 , 7-dimcthyl-nona-2 ,4,6,8- 

tetraen-l-oic acid ethyl ester, m.p.: 84-{85°C. 

AJ 
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' The 3-chloro-2 ,4 ,G- trimcthyl-bcnxyl-triphcnylphosphonium chloride 

employed as starting material, can be prepared in a manner analogous to 
that described in the aforegoing Example 8, e.g., by the following sequence: 
|^ 2,4, 6-trimethyl- aniline 
4 2 ,4 ,6-trimethyl-chlorobenzene 
-L 3-chloro-2 ,4 ,6-trimethyI-benzyl chloride. 
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36.5 Q. of l-ethox>'carbonyl-2,G-dimcthyl-hcpta-l,3,5-tiMcn-75Z> 
triphenylphosphonium bromide are dissolved in 200 nil. of dimcthy lformnmidc . 
The solution is, after addition of 15.0 g. of 4-methoxy- 3-butyl-2 , G-dimethy 1 
benzylnldehyde, treated at 10°C . dropwisc with a solution of 1.64 g. of 
sodium in 40 ml. of absolute cthanol. The mixture is subsequently stirred 
for 12 hours at room temperature, then introduced into 500 ml. of methanol/ 
water 60:40 parts by volume and thoroughly extracted with hexane. The 
hexane extract is washed with methanol/water 60:40 parts by volume, then 
with water, dried over sodium sulfate and evaporated. There is obtained 
9- (4-melhoxy-3-butyl-2 , 6-dimethyl-phenyl)-3 , 7-dimethyl-nona-2 , 4,6, 8f ^ 
tetraen-l-oic acid ethyl ester, which is converted, as described in Example 
7 , into 9- (4-methoxy- 3-butyl-2 , 6-dimethy 1-phenyl) - 3 , 7-dimethy 1-nona- 2,4,6, 
8-tetraen-l-oic acid; m.p.: 147-148°C . 
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Cj^(_ Example 62 

294 ml. of butyric acid anhydride arc treated, after the 
addition of 2 ml . of concentrated aqueous sulfuric acid, at room temperature 
with 122 g. of 3,5-dimethyl -phenol. The temperature rises to 40°C . 
and is then raised to 80°C. The mixture is stirred for 1 hour and diluted 
with GO ml. of water and 60 ml. of ethanol, poured onto ice water and twice 
extracted with 500 ml. of hexane each time. The hexane extract is washed 
with water, aqueous sodium bicarbonate solution, dried over sodium sulfate 
and evaporated. There is obtained 1 butyryloxy-3 , 5-dimethyl-benzene which 
boils at 123^-125°C ./ll mm Hg after rectification. 

180 g. of 1 -butyryloxy-3, 5-dimethyl-benzene are treated at room 
temperature with 340 g. of aluminium chloride. The mixture is strirred for 
4 hours at 90^9 5 °C . , then cooled at 70°C . , poured onto ice and 3n aqueous 
hydrochloric acid and extracted with ether. The ether extract is washed 
with water to neutral reaction, dried over sodium sulfate and evaporated. 
There is obtained 2-butyryl-3 , 5-dimethyl-phenol , which melts at 48-52°C. 
after recrystallization from petroleum ether. 
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10 g. of 2-butyryl-3 , 5-d imethy 1-phenol arc dissolved in 100 ml. 
of glacial acetic acid. After the addition of 3 drops of perchloric acid, 
the solution is hydrogenated under normal conditions in the presence of 0.5 g. 
of platinum oxide. After the uptake of 3.0 1. of hydrogen, the- hydrogenation 
is stopped. The catalyst is filtered off. The filtrate is extracted with ether. 
The ether extract is washed with water to neutral reaction, dried over 
sodium sulfate and evaporated. There is obtained 2-butyl-3 , 5-dimethyI- 
phenol, which melts at 65^67°C . after absorption on silica gel, using 
methylene chloride/hexane 1:1 parts by volume as the eluent. 

83 g. of 2-butyl-3 ,5-dimethyl-phcnol are dissolved in 225 ml. of 
methanol. After the addition of 60 g. of potassium hydroxide in 25 ml. of 
water, the solution is treated at room temperature with 34.2 g. of methyl 
iodide. The mixture is heated to boiling under reflux conditions for 3 hours, 
then cooled, diluted with water and extracted with ether. The ether 
extract is washed with diluted sodium hydroxide solution, dried over sodium 
sulfate and evaporated. There is obtained 2-butyl-3 , 5-dimethyl-anisole , which 
is purified by absorption on silica gel, using hexane/methylene chloride 
70:30 parts by volume as the eluent, before processing further. 
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5.5 ml. of phosphorous oxy chloride are added drop wise while 
stirring to 4.6 ml. of dimcthy lformamidc . The temperature rises to 30°C . 
The mixture is treated dropwisc with 9.6 g. of 2-bury 1-3 , 5-dimethyl- 
anisole, poured onto ice water after the addition of 30 to 35 percent aqueous 
solution of sodium acetate, stirred for 1 hour and extracted with benzene. 
The benzene extract is washed with water, dried over sodium sulfate and 
evaporated. There is obtained 4-mcthoxy-3-butyl-2 , 6-dimcthyl-bcnzaldehyde , 
which is purified by absorption on silica gel, using hexane/methylene 
chloride 1:1 parts by volume as the eluent, before the condensation with 
l-ethoxycarbonyl-2 , 6-dimethyl-hepta-l , 3 , 5-trien-7-triphenylphosphonium 
bromide. 
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/ 3G g. of 7-formyl-3-mothyl-octn-2,4,G-tricn-l-oic > acid ethyl 

ester ore dissolved in GOO ml. of absolute cthnnol . The solution is treated 
povtionwise with 1.8 g • of sodium borohydride. The mixture is stirred for 
2 hours at 10°C . , then poured onto ice water and 3 n aqueous hydrochloric 
acid and extracted with ether. The ether extract is washed successively 
with water, a saturated aqueous sodium bicarbonate solution and once more 
with water, dried over sodium sulfate and evaporated. There is obtained 
8-hydroxy-3,7-dimcthyl-octa-2 , 4 ,6-trien-l-oic acid ethyl ester, which is 
processed further as follows: 

36.5 g. of 8-hydroxy-3 ,7-dimethyl-octa-2 ,4,6-trien-l-oic acid 
ethyl ester are dissolved in 380 ml. of ether. The solution is cooled to 
0 C C, and after the addition of 3 drops of pyridine treated dropwise with 
28.6 g. of phosphorous tribromide in 120 ml. of hexane. The mixture is 
stirred for 20 minutes at 0°C . , then poured onto ice water and extracted 
with ether. The ether extract is washed successively with water, a 
saturated aqueous sodium bicarbonate solution and again with water, dried over 
sodium sulfate and evaporated. There is obtained 8-bromo-3 , 7- dimethyl- octa^ 
2,4,6-trien-l-oic acid ethyl ester, which is processed as follows: 
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43.7 g. of 8-bromo-3,7-dimcthyl-octa-2,4,C-lricn-l -oic acid ethyl 
ester arc dissolved in 500 nil. of benzene and treated with 42.0 g. of 
triphcnylphosphinc. The mixture is stirred for 12 hours at room temperature, 

then cooled at 0°C . The precipitated 1- cthoxy carbonyl- 2 . G-dimethy 1-hepta- 

/ 

1 ,3 , 5-trien-7-triphcnylphosphonium bromide melts at 193-194°C. 
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{ In analogy to the procedure given in Example 61: 

3 , 4-dimcthoxy-2 , G-dimethyl-bcnzaldohydc is condensed with 

ethoxycarbonyl-2 , G-dimcthyl-hcpta-1 , 3 , 5-trien-7-triphcnylphosphonium 

bromide to produce 9- (3 , 4-dimcthoxy-2 , 6-dimcthyl-pheny 1) -3 , 7-dimethyl- 

nona-2 , 4 , 6 , 8-tetracn-l-oic acid ethyl ester which is converted by the 

procedure of Example 7 to 9- (3 , 4-dimethox> r -2 , 6-dimethyl-phenyl)-3 , 70 

/ 

dimethyl-nona-2 ,4 ,6 , 8-tetraen-l-oic acid, m.p.: 203-204°C. 
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The 3 , 4-dimethoxy-2 , G-dimcthy 1-bcnzaldchyde employed as 
starting material, can be prepared in a manner analogous to that described 
in Example G4 by the following: sequence: 
w 2,4-dimethylphenol 



f 2 f 4-dimethyl-6-nitro-phenol 
2 ,4-dirnethyl-6-nitro-anisole 
2 ,4-dimethyl-6-amino-anisole 
2,4-dimethyl-6-hydrcxy-anisole 
U_ 2 ,4-dimethylveratrole. 



L 
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E xample 67 
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9- ( /i-Methoxy-2,3 , 6-Trimethy Ipheny 1 ) -3 > 7 -Dime thy 1- 2 , 1,6, 8-Hona- 
tetraen- l-ol 



Y In a 5-liter, round bottom flask provided with a stirrer, 
low temperature thermometer, an inlet for dry nitrogen, a gas 
outlet, and a dropping funnel connected to a mineral oil 
bubbler, were placed 150 g (0.^36 moles) of 9- ( 4-me thoxy- 2 , 3 3 ; 
trimethy Iphenyl )-3 , 7-dimethy 1-2 , h , 6 , 8-nonat e traenoic acid ethyl ester 
and 800 ml of toluene. The contents were stirred until the 
solids had dissolved, then by means of a dry ice bath, the '■ 
Internal temperature was lowered to -60°C., at which temperature 
780 ml of a 25$ solution of diisobuty 1 aluminum (DIBAL) hydride 
in toluene (1.155 moles) was added dropwise. The initially _ 
yellow solution or suspension gradually deepened in color 
and after all the DIBAL had been added, the reaction mixture con- ' 
sisted of a clear, somewhat viscous deep red orange solution. •! 
After stirring for one hour, the cooling bath was lowered and the : 
internal temperature allowed to rise to -40°C, at which : - 
temperature, 50 ml of a 50% aqueous methanol solution was added . 
dropwise with intermittent cooling so that when the addition • 
was complete the temperature was approximately 10°C. At this 
point, 1^0 ml of a saturated solution of sodium sulfate '• 
was added dropwise. Allowing the temperature to gradually rise to 
25°C. Toward the end of the addition, aluminum hydroxide ; 
began to precipitate with the evolution of heat. After ; 
stirring for a few minutes, 800 ml of chloroform was added and 5 
the suspension stirred for ten minutes. The precipitate was ; 
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removed by filtration on a twelve-inch Buchner funnel through 
a layer of filter aid, then washed four times with 500 ml 
portions of chloroform. The combined filtrates were washed 
successively with 600 ml of water, 600 ml of water containing 
10 ml of 3 N hydrochloric acid, 600 ml of saturated sodium 
bicarbonate solution, and 600 ml of water, then dried over 
anhydrous sodium sulfate. Distillation of the solvent in the 
rotary evaporator left 130-^1^5 g of a crystalline residue. 
To this was added one liter of hexane and the suspens:' on 
stirred vigorously until the aggregates had been 

dispersed; any material adhering to the walls was scraped off. 
The yellow cyrstalline precipitate was recovered by filtration, 
washed twice with sufficient hexane to cover the filter cake , 
then dried in vacuo first at 12-15 mm (water pump), then at 0.5 mm 
until the weight was constant. The yield of product v/as 
119-123 g, m.p. 127. 5-129. 5°C 

Distillation of the hexane from the filtrate and washings 
in the rotary evaporator left a residue of 12^15 g that crystall- 
ized very slowly, and yielded approximately 6-8 g of high quality 

U 

material. 
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Kx a mple 63 

Methyl Ether of 9 < ^-Mobhox.v- 2 ,3 , 6-Trime thy lpheny I ) - 3 , 7 -Dime t hy 1<P 
2 , *i , 6 , S-nonatetraene-l-ol 

v jS In a 5-1, round bottom flask flushed with nitrogen 
provided with a stirrer, thermometer, gas inlet tube, reflux 
condenser topped by a gas outlet connected to a mineral oil 
bubbler, and a six-inch length of Gooch tubing were placed 
156 g (0.5 moles) of 9-( 1 l-methoxy-2 , 3 , 6-trimethy lpheny l)-3 »1 0 
dimethyl-2 , *l , 6 , 3-nonat e traene- l-ol , 56^ g (4 moles) of methyl 
iodide and 2.5 1 of tetrahydr of uran . To the stirred solution, 
at 20-25°C. , 2h g (1.0 moles) of sodium hydride were gradually 
added over a period of about one hour from a 500 ml Erlenmeyer 
flask connected through the Gooch tubing. The yellow solution 
became turbid and assumed a brownish tint. Within a few 
minutes the temperature rose to 28°C. but was maintained at 
25°C. by external cooling. After 2.5 hours, the reaction vessel 
was cooled to 10°C. by an ice bath and the excess sodium hydride 
decomposed by the dropwise addition of 50% aqueous methanol. 
The solvent was then distilled in the rotary evaporator leaving 
a partially crystalline residue that was dissolved in 500 ml of 
benzene and transferred to a separatory funnel where it was 
washed successively with three 500-ml portions of saturated 
sodium bicarbonate solution and once with water containing 
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i 

a little sodium sulfate. To the benzene solution, 100 mg of 
butylated hydroxy toluene (BHT) was added, together with 
anhydrous sodium sulfate, then the solvent distilled in a rotary 
evaporator leaving 172 g of an orange syrup. 

This syrup together with another 167 g of a similarly 
prepared lot was dissolved in 750 ml of warm hexane and 
filtered. The stirred solution was allowed to crystallize at 
room temperature for approximately one hour, then the crystal- 
lization completed at 0°C, all under nitrogen. The yellow 
orange crystalline product was recovered by filtration (nitrogen) 
and washed twice with hexane. After drying, first at 10-15 mm, 
and then at 0.5 mm to constant weight, 266 g (8l£) of product 
was obtained m.p. 67.54 6 9-5°C. 
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/' Example 60 



The n-Butyl Et her of 9 -( j '--"e t hoxy- 2 , 3 , 6-Tr i me thy Ipheny 1 ) - ?, , 1<^> 
Dlrnethy 1-2 , <t , 6 , 3-Nonatetraen-l-o l 



^ Under nitrogen, 6.0 g of 9-< ^-::ie thoxy-2 , 3 , 6~tr ime t hy 1-pheny 1 ) ; Q 

3,7-dimethyl-nonatetraen-l-ol, (0.0192 moles) was dissolved in 
150 ml of tetrahydrof uran containing 23.05 S of n-bufcyliodide 
in a 250 ml, round bottom, flask provided with a stirrer, 
thermometer, nitrogen inlet tube, and an opening for the 
addition of a solid, through which was added 0.92 g of sodium 
hydride. The mixture was stirred for 43 hours, then cooled, 
and the excess hydride decomposed by the cautious addition of 
methanol. The mixture was then diluted with 500 ml of water 
and extracted with three 50-ml portions of ether. After drying 
over magnesium sulfate, the solvent was distilled in the rotary 
evaporator and the residue taken up in ten ml of hexane . On 
addition of ten ml of methanol, 2.5 g of crystals of the 
starting material, m.p. 107^112°C. were obtained. The filtrate, 
after removal of the solid, was freed of solvent and the residue 
was chromatographed on 200 g of silica gel. From the fraction 
eluted with 50^ ether in hexane was obtained 2.6 g of a solid, 
which after recry stallization from methanol afforded 1.5 g of 
deep yellow crystals, m.p. 52-54 C. 







